COMMUNICATIONS 
PRODUCTS 


DATA BOOK 


eS 


MASTER SELECTION GUIDE 


CHAPTER 1 - LINE CARD ICs 
SUBSCRIBER BOARD ICs 
CODECS 
MK5116 p-Law Companding CODEC............... 0.0 c eee eee eee, 1-1 
MK5151 y-Law Companding CODEC, w/ A/B SIQMAING joc veka e ee ewes 1-11 
MK5156 A-Law Companding CODEC ..................00 0c cece eee. 1-23 
Filters | 
ETC5040-5040A Monolithic PCMFilter ..............00cc cece eae. 1-37 
Combos | 
ETC5057/54 A-Law/p-Law Monolithic serial interface CODEC/FILTER ...... 1-47 
ETC5067/64 A-Law/p-Law Monolithic serial interface CODEC/FILTER with 
receive power amplifier .......... 0.0.0... cc eee eee cece cece cece, 1-61 
ETC 5056/51 Monolithic parallel interface CODEC/FILTER .............. 1-75 
Application note: Testing & Evaluating Combos ..................... 1-87 
Subscriber line interface circuit 
TDB7722 (High Voltage) - TDB7711 (Low Voltage) .................. 1-103 
TRUNK & NETWORK ICs 
Trunk 
EF7332 PCM line transceiver .......... 0.0.00 eee eee eee ene 1-111 
EF7333 CEPT PCM Trunk controller cic ca caecceceWadaivaneedaues 1-123 
CHAPTER 2 - MODEM ICs 
MONOCHIP MODEM ICs 
EFB7513 Single chip asynchronous FSK V.23 MODEM ................. 2-1 
EF 7910 FSK MODEM for Bell 103/202 and V.21/V.23 Standards ......... 2-17 
TSG7515 Bell 212A, V.22A/B MODEM ............ 0.00 cece eee eeee 2-43 
LINE INTERFACE 
TEA7868 MODEM Line Interface ......... 0.0... ec eee 2-59 
DIGITAL SIGNAL PROCESSOR AND PERIPHERALS 
TS68930/31 Digital Signal Processor ....... 0... 0... cece eee eee 2-73 
TS68950/51/52 Modem Analog Front End (MAFE).................. 2-125 
MODEM standards coverage ................5. ee eS ee eee 2-133 
Application notes: 
Be les Sa hy 6 oe eo eon oe Oe ee Oe ee ie dee BG kk es 2-135 
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CHAPTER 3 - TELEPHONE SET ICs 

DIALER ICs : 
EFG7189 DTMF generator for binary coded hexadecimal data ........---- 3-1 
MK 5370 TonePulse™ Dialer w/Last Number Redial .....---.---+ e+e ees 3-13 
MK 5371/2 TonePulse™ Dialer w/BCD Input. ....... 2. eee ee eee ees 3-25 
MK53731 TonePulse™ Dialer w/Continuous Tone .......-..--- ae ae er 3-41 
MK5375 TonePulse™ Dialer w/10 Number Memory ........--+-e+---e: 3-43 
MK5376 Full Feature TonePulse™ Repetory Dialer...........+--2555-- 3-55 
MK53761 TonePulse™ Repetory Dialer w/Continuous Tone ............-. 3-65 
MK53762 TonePulse™ Repetory Dialer w/Single Button Recall .......... 3-67 
MK5380 Tone Didlefc<.i.0s ice bdaosee ene igvared i ooteoe Rete ee es 3-69 

SINGLE CHIP TELEPHONES 
TEA3046 Telephone low cost monochip ......-.+-+++:- Femi cia eats 3-77 
TEA3047 Telephone low cost monochip meets CEPT distortion spec. ..... 3-91 

LOUD SPEAKER AMPS | 
TEA7031 Loudspeaker Amplifier with switching supply ..... ees 3-93 
TEA7531 Loudspeaker Amplifier... 0... 0.0 eee tts 3-111 
Application notes: 
TEA T0366 o5 ob 34 SRE Es ee PREY Ee Oi als ERA Ee ees 3-113 

CHAPTER 4 - LINEAR ICs FOR TELECOM 

MASK PROGRAMMABLE FILTERS (MPF) 
A Mask Programmable Filters Family and Z 
Its ‘‘FILCAD’’ Software Package .............. 0000 ee eee REELS 4-1 
18G8704. TSGS508, TSGS612. ..8 is bie ehhh ee HS FOROS HS 4-2 
PCA caediee pan des ae Oe GOR a ence ea eet’ sh tka me de ea Gees 4-3 
TSG85XX 
General Characteristics 4.264 4424545 6648058 2 o4b Oe eS ee ee eS Se BS 4-5 
BIOCK ClAGIGM) dic ay hoe 4 ete beo abe s CEs ee 44h G8 ere ee a ae 4-6 
PIR GESCOUON, o:ac¢ ba dicen canes hGwtae dad eet an det eowlaaneead 4 eae 
Functional CESChOUON: «<¢.« «4.0 cde 064604 eh od eee eS ew H EGS ES 4-8 
Switched Capacitor Filter generalities .......... 0.0... eee ees 4-11 
TY PICE) SPONCATION 4c.4 6.42% 64 664440 45.645 4435 69 RAE ERR eee a 4-15 
Antialiasing and SMOOtning «*... 6.46 6« «604 6n6aeedncad bee e be Oe eae 4-18 
Physical GiNGNSIONS: «6466.66 oe 2466564646 So he Ee Hed be eee Raed oeH 4-22 
Standard Filters: TSG85XX (8th order M.P.F.)...........-. 0.002 ees 4-23 
TSG8510 Low pass filter - CAUER type - 5th order ...............-.. 4-25 
TSG8511 Low-pass filter - CAUER type - 7th order...............005.% 4-31 
TSG8512 Low-pass filter - CAUER type - 7th order ................4. 4-37 
TSG8513 Low-pass filter - CHEBYCHEV type - 8th order .............. 4-43 
TSG8514 Low-pass filter - BUTTERWORTH type - 8th order............ 4-49 
TSG8530 High-pass filter - CAUER type - 3rd order.................. 4-55 
TSG8531 High-pass filter - CAUER type - 6th order .................. 4-61 
TSG8532 High-pass filter - CHEBYCHEV type - 6th order.............. 4-67 
TSG8550 Band-pass filter - CAUER type - 6th order ................. 4-73 
TSG8551 Band-pass filter - High OQ type - 8th order.................. 4-79 
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Semi Custom Filters: 


TSGFO8/Customer identification (8th order WEG a ioe bee ede wee = 


Standard Filter: TSG86XX (Advanced information on 12th order MPF) 


TSG8670 Voice-grade dual filter for telephone line interface.......... 


FLASH CONVERTERS 


TS8306 20 MHz 6 bit Flash A/D converter ...................... 
TS8307 20 MHz 7 bit Flash A/D converter ................00000% 


TS8328 Video speed 8 bit Flash ADC ...................02---. 
TS8408 25 MHz 8 bit voltage output D/A converter ............... 
TS8428 25 MHz 8 bit voltage output D/A converter................. 


CHAPTER 5 - DATA COMMUNICATIONS 
ETHERNET 


MK68590 IEEE 802.3 Ethernet Controller ................ cee eee 
MK68591/2 IEEE 802.3 euleiae Serial Interface Adaptor ............ 


STARLAN 


MK5030 STARLAN Hub ............. 0. cece eee e ee eeeennees 
MK5032 STARLAN Controller .......... 0.00 cece eee cece eeeees 
MK5033 General Manchester Encoder/Decoder ..............e00. 
MK5034 General Manchester Encoder/Decoder with drivers & receivers .. 
MK5035 STARLAN Station EGG eas eR eA ewe eae 4k eee 


CHAPTER 6 - INTEGRATED CIRCUITS SHORT FORM 
CHAPTER 7 - DISCRETE DEVICES SHORT FORM 


CHAPTER 8 - RF & MICROWAVE POWER TRANSISTORS 
SHORT FORM 
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U.S. AND CANADIAN SALES OFFICES 


WESTERN AREA: 


Thomson Components - Mostek Corporation 
2540 Mission College Bivd. 

Suite 104 

Santa Clara, CA 95054 

408/970-8585 

FAX 408-270-8737 


Thomson Components - Mostek Corporation 
18004 Skypark Circle 

Suite 140 

Irvine, CA 92714 

714/250-0455 

TWX 910-595-2513 


Thomson Components - Mostek Corporation 
6203 Variel Ave. 

Unit A 

Woodland Hills, CA 91367 

818/887-1010 

FAX 818/702-0725 


Thomson Components - Mostek Corporation 
1107 North East 45th St. 
Suite 411 


Thomson Components - Mostek Corporation 
7950 East Redfield Rd. 

Suite 220 

Scottsdale, AZ 85260 

602/998-1580 


Thomson Components - Mostek Corporation 
7155 SW Varns St. 

Tigard, OR 97223-8057 

503/620-5517 


CORPORATE HEADQUARTERS 


Thomson Components - Mostek Corporation 
1310 Electronics - MS2205 

Carrollton, TX 75006 

214/466-6000 


CENTRAL AREA: 


Thomson Components - Mostek Corporation 
1310 Electronics 

MS2102 

Carrollton, TX 75006 


Thomson Components - Mostek Corporation 
6101 Green Valley Drive 

Bloomington, MN 55438 

612/831-2322 

TWX 910/576-2802 


Thomson Components - Mostek Corporation 
1827 Walden Office Square 

#430 

Schaumburg, IL 60195 

312/397-6550 


Thomson Components - Mostek Corporation 
3215 Steck Ave. 
Suite 202 


TWX 910-874-2007 


Thomson Components - Mostek Corporation 
26677 W. 12 Mile Rd. 

Suite #141 

Southfield, Ml 48034 

313/354-5840 

FAX 313/354-3370 

TLX 650-282-1520 


CANADA 


Thomson CSF Canada 
Semiconductor Division 
1000 Sherbrooke West 
Suite 2340 

Montreal, Quebec H3A 3G4 
514/288-4148 

FAX 514/288-8987 


Thomson Components - Mostek Corporation 
44 Rosebud Ave. 

Brampton, Ontario L6X 2W5 

416/454-5252 


FOR ALL OTHER COUNTRIES 
Thomson Semiconducteurs 

43, Avenue de L'Europe 

78140 Vélizy-Villacoublay/France 

Tél: (1) 39 46 97 19/Télex: 204 780 F 
or contact Corporate Headquarters 
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EASTERN AREA: 


Thomson Components - Mostek Corporation 
83 Cambridge Street 

Suite 2A 

Burlington, MA 01803 

617/273-3310 

TWX 710-348-0459 


Thomson Components - Mostek Corporation 
The Pavilions at Greentree 

Route #73, Suite 101 

Marlton, NJ 08053 

609/596-9200 

TWX 710-940-0103 


Thomson Components - Mostek Corporation 
926 Great Pond Drive 

Suite 2002 

Altamonte Springs, FL 32714 

305/869-4979 

TWX 810-876-4611 


Thomson Components - Mostek Corporation 
4414 Evangel Cr. #C 

Huntsville, AL 35816 

205/830-9036 

TWX 910-997-0411 


Thomson Components - Mostek Corporation 
4651 Crossroads Park, Suite 201 

Liverpool, NY 13088 

315/457-2160 

TWX 710-545-0255 


Thomson Components - Mostek Corporation 
387 Hooker Avenue 

Office No. 2 

Poughkeepsie, NY 12603 

914/454-8813 

FAX 914/454-1320 


Thomson Components - Mostek Corporation 
5890 Sawmill Rd. 

Suite 204 

Dublin, Ohio 43017 

614/761-0676 


Thomson Components - Mostek Corporation 
1802 Natchez Trace 

Greensboro, NC 27408 

919/282-4307 


Thomson Components - Mostek Corporation 
3365-S Peachtree Corners Circle 

Norcross, GA 30092 

404/447-8386 


U.S. AND CANADIAN REPRESENTATIVES 


CONNECTICUT 
Scientific Components 
1185 S. Main St. 
Cheshire, CT 06410 
(203) 272-2963 

FAX (203) 271-3048 


FLORIDA 

Sales Engineering Concepts, Inc. 
926 Great Pond Dr. 

Suite 2002 

Altamonte Springs, FL 32714 
(305) 682-4800 

FAX (305) 682-6491 


Sales Engineering Concepts, Inc. 
1000 S. Federal Hwy. 

Suite 204 

Deerfield Beach, FL 33441 

(305) 426-4601 

TWX 510-600-7740 


ILLINOIS 

John G. Twist Co* 

1301 Higgins Road 

Elk Grove Cillage, IL 60007 
(312) 593-0200 


INDIANA 

M/S Sales Associates, Inc." 
7319 W. Jefferson Bivd. 

Ft. Wayne, IN 46804 

(219) 436-3023 

FAX (219) 436-3026 


* Home Office 


M/S Sales Associates, Inc. 


1425 E. 86th St. 
Indianapolis, IN 46240 
(317) 257-8916 


KANSAS 

Rush & West Associates 
107 N. Chester Street 
Olathe, KS 66061 

(913) 764-2700 

TWX 910-380-8110 


MARYLAND 

Tri-Mark Inc.” 

1410 Crain Hwy. NW 
Glen Burnie, MD 21061 
(301) 761-6000 

FAX (301) 761-6006 


MASSACHUSETTS 
A/D Nova Sales, Inc. 
2 Milita Drive 
Lexington, MA 02173 
(617) 861-1820 


MICHIGAN 

Electronic Sources, Inc. 
8014 W. Grand River 
Suite 6 

Brighton, Mi 48116 
(313) 227-3598 

FAX (313) 227-5655 


MINNESOTA 

Horizon Technologies” 
6100 Green Valley Drive 
Bloomington, MN 55438 
(612) 884-8560 


MISSOURI 
Rush & West Associates‘ 
15332 Manchester Rd. 


(314) 394-7271 
TWX 910-752-653 
TLX 752 653 


NEW JERSEY 

Tritek Sales, Inc. 

21 E. Euclid Ave. 

Haddonfield, NJ 08033 

(609) 429-1551 

TWX 215-627-0149 (Philadelphia Line) 
TWX 710-896-0881 


. NE Components* 


189-191 Godwin Ave. 


Wyckoff, NJ 07481 
(201) 848-1100 


NEW YORK 

Empire Technical Assoc. 
33 West State St. 

Suite 211B 

Binghamton, NY 13901 
(607) 772-0651 


GT Sales* 

34 Grand Bhd. 
Brentwood, NY 11717 
(516) 231-0270 


OHIO 

Five Star Electronics® 
6200 S.0.M. Center Road 
Suite B 21 

Solon, OH 44139 

(216) 349-1611 


(414) 931-0606 


CANADA 

Solution Electronic Sales* 
100A 3380 Maquinna Dr. 

Vancouver, B.C. V5S 4C9 
(604) 438-0679 


U.S. AND CANADIAN DISTRIBUTORS. __ 


ON Oe eee eS See 


ALABAMA 

Marshall Industries 
3313 S. Memorial Pkwy. 
Huntsville, AL 35801 
(205) 881-9235 


Quality Components, S.E. 
4900 University Square #207 
Huntsville, AL 35817 

(205) 830-1881 


Pioneer Technologies Group 
4825 University Square 
Huntsville, AL 35805 

(205) 837-9300 


Schweber Electronics 
4930-A Corporate Drive 
Huntsville, AL 35805 
(205) 895-0480 


ARIZONA 

Kierulff Electronics 
4134 E. Wood Street 
Phoenix, AZ 85040 
(602) 437-0750 


Marshall Industries 
835 West 22nd St. 
Tempe, AZ 85282 
(602) 968-6181 


Schweber Electronics 
11049 North 23rd Drive 
Suite 100 

Phoenix, AZ 85029 
(602) 997-4874 


ARKANSAS 
See Oklahoma 


CALIFORNIA 
Integrated Electronics Corp. 


7000 Franklin Bivd., Suite 625 


Sacramento, CA 95823 
(916) 424-5297 


Integrated Electronics Corp. 
2170 Paragon Drive 

San Jose, CA 95131 

(408) 435-1000 


ITAL Sales 

15405 Proctor Avenue 
City of Industry, CA 91745 
(818) 968-8515 


Kierulff Electronics 
9800 Variel Avenue 
Chatsworth, CA 91311 
(818) 407-2500 


Kierulff Electronics 
8797 Balboa Avenue 
San Diego, CA 92123 
(619) 278-2112 


Kierulff Electronics 
1180 Murphy Avenue 
San Jose, CA 95131 
(408) 971-2600 


Kierulff Electronics 
14101 Franklin Avenue 
Tustin, CA 92680 
(714) 731-5711 


’ Marshall Industries 


One Morgan 
Irvine, CA 92715 
(714) 458-5395 


Marshall Industries 
9710 DeSoto Avenue 
Chatsworth, CA 91311 
(818) 407-0101 


Marshall Industries 
3039 Kilgore Ave., #140 


Rancho Cordova, CA 95670" 


(916) 635-9700 


Marshall Industries 
10105 Carroll Canyon Rd. 
San Diego, CA 92131 
(619) 578-9600 


Marshall Industries . 

336 Los Coches St. 
Milpitas, CA 95035 

(408) 943-4600 : 


Schweber Electronics 
21139 Victory Bivd. 
Conoga Park, CA 91303 


' (818) 999-4702 


Schweber Electronics 
1225 West 190th Street 
Suite 360 

Gardena, CA 90248 
(213) 327-8409 


Schweber Electronics 
17822 Gillette Avenue 
Irvine, CA 92714 

(714) 863-0264 

FAX (714) 863-0200 (X500) 


Schweber Electronics 
1771 Tribute Rd. Suite B 
Sacramento, CA 95815 
(916) 929-9732 

FAX (916) 929-5608 


Schweber Electronics 
6750 Nancy Ridge Drive 
San Diego, CA 92121 
(619) 450-0454 

TWX 910-335-1155 


Schweber Electronics 
90 E. Tasman Drive 
San Jose, CA 95131 
(408) 946-7171 


Zeus Components 
1130 Hawk Circle 
Anaheim, CA 92807 
(714) 632-6880 
TWX 910-591-1696 
FAX (714) 630-8770 


Zeus Components 

1580 Old Oakland Road 
Suite C205/C206 

San Jose, CA 95131 
(408) 998-5121 

TWX 408-628-96083 
FAX (408) 998-0285 
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COLORADO 

Integrated Electronics. Corp. 
5750 N. Logan Street 
Denver, CO 80216 

(303) 292-6121 


_ Kierulff Electronics 


7060 South Tuscon Way 
Englewood, CO 80112 
(303) 790-4444 


“Marshall Industries 


7000 North Broadway 
Denver, CO 80221 


~~. (303) 427-1818 


.* Schweber Electronics 


8955 E. Nicholas, Bldg. 2 
Englewood, CO 80221 
(303) 799-0258 


CONNECTICUT 
Greene-Shaw 


_ 1475 Whalley Avenue 


_ New Haven, CT 06525 


(203) 397-0710 
TWX 92-2498 


Marshall Industries | 

20 Sterling Drive 

Barnes Industrial Park, N. 
PO. Box 200 

Wallingford, CT 06492-0200 
(203) 265-3822 


Pioneer-Standard 
112 Main Street 
Norwalk, CT 06851 
(203) 853-1515 
TWX 710-468-3373 
FAX (203) 838-9901 


Schweber Electronics 
Commercial Industrial Park 
Finance Drive 

Danbury, CT 06810 

(203) 748-7080 

TWX 710-456-9405 


DELAWARE 
See New Jersey 
Pennsylvania 


FLORIDA 

All American Semicenductor 
16251 N.W. 54th Avenue 
Miami, FL 33014 

(305) 621-8282 
800-327-6237 


Marshall Industries 
4205 34th St., S.W. 
Orlando, FL 32811 
(305) 841-1878 
(305) 841-1878 


Pioneer Technologies Group 
337 S. North Lake, #1000 
Altamonte Springs, FL 32701 
(305) 834-9090 

TWX 810-853-0284 


Pioneer Technologies Group 
674 S. Military Trail 
Deerfield Beach, FL 33441 
(305) 428-8877 

TWX 510-955-9653 
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Schweber Electronics 

215 North Lake Blvd. 
Altamonte Springs, FL 3270 
(305) 331-7555 
TWX 510-954-0304 


Schweber Electronics 

3665 Park Central Blvd. N. 
Pompano Beach, FL 33064 
(305) 977-7511 

TWX 510-954-0304 


“Zeus Components 


1750 West Broadway 
Suite 114 
Oviedo, FL 32765 


FAX (305) 365-2356 


GEORGIA 

Dixie Electronics 

1234 Gordon Park Road 
Augusta, GA 30901 
(404) 722-2055 . 


Pioneer Technologies Group 
3100 F. Northwoods Place 
Norcross, GA 30071 

(404) 448-1711 

TWX 810-766-4515 


Quality Components 
6145 N. Belt Parkway #8 
Norcross, GA 30071 
(404) 449-9508 

TWX 510-601-5297 
629-32421 


Schweber Electronics 
303 Research Drive 
Suite 210 

Norcross, GA 30092 
(404) 449-9170 

TWX 810-766-1592 


ILLINOIS 

Advent Electronics 
7110-16 N. Lyndon St. 
Rosemont, IL 60018 
(312) 297-6200 


Kierulff Electronics 
1140 W. Thorndale Ave. 
Itasca, IL 60143 

(312) 250-0500 


Marshall Industries 
1261 Wiley Road 

#F 

Schaumburg, IL 60195 
(312) 490-0155 


Pioneer-Standard 

1551 Carmen Drive 

Elk Grove Village, IL 60007 
(312) 437-9680 


Schweber Electronics 

904 Cambridge Drive 

Elk Grove Village, 1L 60007 
(312) 364-3750 

TWX 910-222-3453 


U.S. AND CANADIAN DISTRIBUTORS 


INDIANA 

Advent Electronics 
8446 Moller Road 
Indianapolis, IN 46268 
(317) 872-4910 

TWX 810-341-3228 


Marshall Industries 
6990 Corporate Dr. 
Indianapolis, IN 46278 
(317) 297-0483 


Pioneer-Standard 

6408 Castleplace Drive 
Indianapolis, IN 46250 
(317) 849-7300 

TWX 810-260-1794 


IOWA 

Advent Electronics 

682 58th Avenue, Ct. SW 
Cedar Rapids, 1A 52404 
(319) 363-0221 

TWX 910-525-1337 


Schweber Electronics 
5270 North Park Place, NE 
Cedar Rapids, IA 52402 
(319) 373-1417 


KANSAS 

Marshall Industries 
8321 Melrose Dr. 
Lenexa, KS 66214 
(913) 492-3121 


Schweber Electronics 
10300 West 103rd Street 
Suite 200 

Overland Park, KS 66214 
(913) 492-2922 


KENTUCKY 
See Indiana 


LOUISIANA 
See Texas 


MAINE 
See Massachusetts 


Gaithersburg, MD 20877 
(301) 840-5900 
TWX 710-828-9749 


Zeus Components 
8930-A Route 108 
Columbia, MD 21045 
(301) 997-1118 

TWX 910-380-3554 
FAX (301) 964-9784 


MASSACHUSETTS 
Greene-Shaw 

70 Bridge Street 
Newton, MA 02195 
(617) 969-8900 
TWX 92 2498 


Kierulff Electronics 
13 Fortune Drive 
Billerica, MA 01821 
(617) 667-8331 


Lionex Corporation 
36 Jonspin Road 
Wilmington, MA 01887 
(617) 657-5170 

FAX (617) 657-6008 


Marshall Industries 
One Wilshire Road 
Burlington, MA 01803 
(617) 272-8200 


. Schweber Electronics 


25 Wiggins Avenue 
Bedford, MA 01730 
(617) 275-5100 

TWX 710-326-0268 


Zeus Components 
429 Marrett Road 
Lexington, MA 02173 
(617) 863-8800 

TWX 710-326-7604 
FAX (617) 863-8807 


MICHIGAN 

Advent Electronics 

24713 Crestview Ct. 
Farmington Hills, Ml 48018 
(313) 477-1650 


Pioneer-Standard 

4505 Broadmoor Avenue SE 
Grand Rapids, MI 49508 
(616) 698-1800 

TWX 510-600-8456 


Pioneer-Standard 
13485 Stamford 
Livonia, MI 48150 
(313) 525-1800 
TWX 810-242-3271 


Schweber Electronics 
12060 Hubbard Ave. CN3306 
Livonia, MI 48150 

(313) 525-8100 

TWX 810-242-2983 


MINNESOTA 
Kierulff Electronics 
7667 Cahill Road 
Edina, MN 55435 
(612) 941-7500 


Marshall Industries 
3800 Annapolis Lane 
Ptymouth, MN 55441 
(612) 559-2211 


Pioneer Standard 
10203 Bren Road East 
Minnetonka, MN 55343 
(612) 935-5444 

TWX 910-576-2738 


Schweber Electronics 
7424 W. 78th Street 
Edina, MN 55435 
(612) 941-5280 

TWX 910-576-3167 


MISSISSIPPI 
See Texas 


MISSOURI 

Kierulff Electronics 
11804 Borman Drive 
St. Louis, MO 63146 
(314) 997-4956 

TWX 910-762-0721 


Schweber Electronics 

502 Earth City Expressway 
Suite 203 

Earth City, MO 63045 
(314) 739-0526 

TWX 43-4065 


MONTANA 
See California 


NEBRASKA 
See lowa 


NEW HAMPSHIRE 
Schweber Electronics 
Bedford Farms Bldg. #2 
Manchester, NH 03102 
(603) 625-2250 
TWX 710-220-7572 

FAX (603) 625-5710 


NEW JERSEY 
Kierulff Electronics 
37 Kulick Road 
Fairfield, NJ 07006 
(201) 575-6750 


Marshall Industries 
101 Fairfield Rd. 
Fairfield, NJ 07006 
(201) 882-0320 


Pioneer-Standard 

45 Route 46 

Pine Brook, NJ 07058 
(201) 575-3510 

TWX 710-734-4382 


Schweber Electronics 
18 Madison Road 
Fairfield, NJ 07006 
(201) 227-7880 

TWX 710-734-4305 


Solid State* 

46 Farrand Street 
Bloomfield, NJ 07003 
(201) 429-8700 , 
TWX 710-994-4780 
FAX (201) 429-8683 


NEW YORK 
Add Electronics 
7 Adler Drive 


E. Syracuse, NY 13057 
(315) 437-0300 


Nu-Horizons Electronics 
6000 New Horizons Blvd. 
N. Amityville, NY 11701 
(516) 226-6000 


Pioneer-Standard 
840 Fairport Park 
Fairport, NY 14450 
(716) 381-7070 
TWX 510-253-7001 
FAX (716) 381-5955 


Pioneer-Standard 

1806 Vestal Pkwy. East 
Vestal, NY 13850 
(607) 748-8211 

TWX 510-252-0893 


FAX (516) 921-2143 
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Schweber Electronics 
3 Townline Circle 
Rochester, NY 14623 
(716) 424-2222 

TWX 710-541-0601 


Schweber Electronics 
Jericho Turnpike 
Westbury, NY 11590 
(516) 334-7474 

TWX 510-220-1365 


Zeus Components 

100 Midland Avenue 
Port Chester, NY 10573 
(914) 937-7400 

TWX 710-567-1248 

FAX (914) 937-2553 


NORTH CAROLINA 
Dixie Electronics 
2220 S. Tryon Street 
Charlotte, NC 28234 
(704) 377-4348 


Dixie Electronics 

1021 R. Burke St. 
Winston-Salem, NC 27102 
(919) 724-5961 


Hammond Electronics 
2923 Pacific Avenue 
Greensboro, NC 27406 
(919) 275-6391 

TWX 628-94645 


Pioneer Technologies Group 
9801 A Southern Pine Bivd. 
Charlotte, NC 28210 

(704) 527-8188 

TWX 810-621-0366 


Quality Components, S.E. 
2940-15 Trawick Road 
Raleigh, NC 27604 

(919) 876-7767 


Schweber Electronics 
5285 North Bivd. 
Raleigh, NC 27604 
(919) 876-0000 

TWX 510-928-0531 


NORTH DAKOTA 
See Minnesota 


OHIO 

Kierulff Electronics 

476 Windsor Park Drive 
Dayton, OH 45459 
(513) 439-0045 


Marshall Industries 
6212 Executive Bivd. 
Dayton, OH 45424 
(513) 236-8088 


Marshall Industries 
59058 Harper Road 
Solon, OH 44139 
(216) 248-1788 


Pioneer-Standard 
4800 East 131st Street 
Cleveland, OH 44105 
(216) 587-3600 

TWX 810-421-0011 


Pioneer-Standard 
4433 Interpoint Bivd. 
Dayton, OH 45424 
(513) 236-9900 

TWX 810-459-1622 


U.S. AND CANADIAN DISTRIBUTORS 


OHIO (cont.) 

Schweber Electronics 
23880 Commerce Park Rd. 
Beachwood, OH 44122 
(216) 464-2970 

TWX 810-427-9441 


Schweber Electronics 
7865 Paragon Road 
Suite 210 

Dayton, OH 45459 
(513) 439-1800 


Zeus (Televox) 
2593 Lance Drive 
Dayton, OH 45409 
(513) 294-4499 
TWX 75-9251 

FAX (513) 294-6620 


OKLAHOMA 

Quality Components 
9934 East 21st South 
Tulsa, OK 74129 
(918) 664-8812 

TWX 910-860-5459 
629-28599 


Schweber Electronics 
4815 South Sheridan 
Fountain Plaza, Suite 109 
Tulsa, OK 74145 

(918) 622-8000 


OREGON 

Almac Electronics Corp. 
1885 N.W. 169th Place 
Beaverton, OR 98006 
(503) 629-8090 

FAX (503) 645-0611 
TWX 910-467-8743 


Kierulff Electronics 

14273 N.W. Science Park Drive 
Portland, OR 97229 

(503) 641-9150 


Marshall Industries 
8333 S.W. Cirrus Dr. 
Beaverton, OR 97005 
(503) 644-5050 


PENNSYLVANIA 
Almo Electronics, Inc. 
9815 Roosevelt Bivd. 
Philadelphia, PA 19114 
(215) 698-4063 

TLX 476-1218 

FAX (215) 969-6768 


Pioneer-Standard 
259 Kappa Drive 
Pittsburgh, PA 15238 
(412) 782-2300 

TWX 710- 795-3122 


Pioneer Technologies Group 
261 Gibraltar Road 
Horsham, PA 19044 

(215) 674-4000 

TWX 510-665-6778 


Schweber Electronics 
900 Business Center Dr. 
Horsham, PA 19044 
(215) 441-0600 

TWX 510-665-6540 


Schweber Electronics 
1000 R.!.D.C. Plaza 
Suite 203 

Pittsburgh, PA 15238 
(412) 782-1600 

TWX 810-427-9441 


RHODE ISLAND 
See Massachusetts 
New York 


SOUTH CAROLINA 
Dixie Electronics 
1900 Barnwell Street 
Columbia, SC 29202 
(803) 779-5332 

TLX 810-666-2620 
FAX (803) 765-9276 


Dixie Electronics 

531 E. Palmetto Street 
Florence, SC 29503 
(803) 669-8201 


Dixie Electronics 
4909 Pelham Rd. 
Greenville, SC 29606 
(803) 297-1435 


Dixie Electronics 

#6 Pepperhill Square 
7525 Brandywine Road 
N. Charleston, SC 29410 
(803) 552-2671 


SOUTH DAKOTA 
See Minnesota 


TENNESSEE 

Dixie Electronics 

Box 8215 Suncrest Drive 
Gray, TN 37615 

(615) 477-3838 


Dixie Electronics 
6408 Clinton Highway 
Knoxville, TN 27912 
(615) 938-4131 


TEXAS 

Kierulff Electronics 
9610 Skillman Ave. 
Dallas, TX 75243 
(214) 343-2400 


Pioneer-Standard 
13710 Omega Road 
Dallas, TX 75234 
(214) 386-7300 
TWX 910-860-5563 


Pioneer-Standard 
9901 Burnet Road 
Austin, TX 78758 
(512) 835-4000 
TWX 910-874-1323 


Pioneer-Standard 
5853 Point West Drive 
Houston, TX 77036 
(713) 988-5555 

TWX 910-881-1606 


Quality Components 
4257 Kellway Circle 
Addison, TX 75001 
(214) 733-4300 

TWX 910-860-5459 


Quality Components 
1005 Industrial Bivd. 
Sugarland, TX 77478 
(713) 240-2255 

TWX 629 27026 


Quality Components 
2120 M. Braker Lane 
Austin, TX 78758 
(512) 835-0220 

TWX 324930 


. Schweber Electronics 
4202 Beltway Drive 
Dallas, TX 75234 
(214) 661-5010 
TWX 910-860-5493 


Schweber Electronics 
6300 La Calma Drive 
Suite 240 

Austin, TX 78752 
(512) 458-8253 

TWX 910-874-2045 


Schweber Electronics 
10625 Richmond, Suite 100 
Houston, TX 77042 

(713) 784-3600 

TWX 910-881-4836 


Zeus Components 
1800 North Glenville 
Suite 120 
Richardson, TX 75081 
(214) 783-7010 

TWX 910-867-9422 
FAX (214) 234-4385 


UTAH 

Integrated Electronics Corp. 
101 N. 700 West 

N. Salt Lake City, UT 84054 
(801) 298-1869 


Kierulff Electronics 

1846 Parkway Blvd. 

Salt Lake City, UT 84117 
(801) 973-6913 


Marshall Industries 

3501 South Main St. 
Salt Lake City, UT 84115 
(801) 261-0901 


VERMONT 
See New York 


VIRGINIA 
See Maryland 


WASHINGTON 

Almac Electronics Corp. 
14360 S.E. Eastgate Way 
Bellevue, WA 98007 
(206) 643-9992 

TWX 910-444-2067 

FAX (206) 746-7425 


Almac Electronics Corp. 
East 10905 Montgomery 
Spokane, WA 99206 
(509) 924-9500 

TWX 510-773-1855 

FAX (509) 928-6096 
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Kierulff Electronics 
19450 68th Ave. 

South Kent, WA 98032 
(206) 575-4420 


Marshall Industries 

14102 N.E. 2ist St. 

Bellevue, WA 98007 
(206) 747-9100 


WASHINGTON D.C. 
See Maryland 


WEST VIRGINIA 

See Ohio 
Pennsylvania 
Maryland 


WISCONSIN 

Kierulff Electronics 

2238-E West Bluemound Road 
Waukesha, WI 53186 

(414) 784-8160 


Marshall Industries 

235 North Executive Dr. 
#305 , 
Brookfield, WI 53005 
(414) 797-8400 


Schweber Electronics 
3050 South Calhoun Rd. 
New Berlin, WI 53151 
(414) 784-9020 


WYOMING 
See Oregon 
Washington 


CANADA 

R.A.E. Industrial 
3455 Gardner Court 
Burnaby, B.C. 

(604) 291-8866 
TWX 610-929-3065 


R.A.E. Industrial 
11680 170th Street 
Edmonton, Alberta 
T5S 1J7 

(403) 451-4001 
TWX 037-2653 


Zentronics 

8 Tilbury Court 
Brampton, Ontario 
L6T 314 

(416) 451-9600 
TWX 06-97678 

FAX (416) 451-8320 


Zentronics 
3300-14 Ave., NE Bay #1 
Calgary, Alberta 

T2A 6J4 

(4038) 272-1021 


Zentronics 

155 Colonnade, S. #17/18 
Nepean, Ontario 

K2E 7K1 

(613) 226-8840 

TWX 06-97698 


Zentronics 

11400 Bridgeport Rd. #108 
Richmond, B.C. 

V6X 1T2 

(604) 273-5575 

TWX 04-355844 


U.S. AND CANADIAN DISTRIBUTORS 


CANADA (cont.) 
Zentronics 

817 McCaffrey Street 
St. Laurent, Quebec 
H4T 1N3 _ 

(514) 737-9700 

TWX 05-824826 


Zentronics 

564 Weber Street, N. #10 
Waterloo, Ontario 

N21 5C6 

(519) 884-5700 

TWX 06-97678 


Zentronics 

590 Berry Street 
Winnipeg, Manitoba 
R3H 0S1 

(204) 775-8661 
TWX 06-97678 


Future Electronics 
3220 5th Avenue, N.E. 
Calgary, Alberta 

T2A 5N1 

(403) 235-5325 


Future Electronics 


82 St. Regis Crescent N. 


Downsview, Ontario 
M3J 1Z3 

(416) 638-4771 
TWX 610-491-1470 
FAX (416) 638-2936 


Future Electronics 

5312 Calgary Trail South 
Edmonton, Alberta 

T6H 4J8 

(403) 438-2858 


Future Electronics 


Hymus Blvd. 
Pointe Claire 


(514) 694-7710 

TWX 610-421-3251 or 
610-421-3500 

FAX (514) 695-3707 or 
(514) 694-0062 


Future Electronics 
Baxter Center 
1050 Baxter Road 
Ottawa, Ontario 
K2C 3P2 

(613) 820-8313 
TWX 610-563-1697 
FAX (613) 820-3271 


Future Electronics 
1695 Boundary Road 
Vancouver, B.C. 

B5K 4X7 

(604) 294-1166 

TLX 04354744 

FAX (604) 294-1206 


Future Electronics 

444 Sharon Bay 
Winnipeg, Manitoba 

R2G 0H7 

(604) 294-1166 (Vancouver) 


CHAPTER 1 - LINE CARD ICs 


TELECOMMUNICATIONS 
PRODUCTS 


p-255 LAW COMPANDING CODEC 


FEATURES 

LI +5-Volt Power Supplies 

L) Low Power Dissipation - 30mW (Typ) 

L] Follows the »-255 Companding Law 

L) Synchronous or Asynchronous Operation 
LL] On-chip sample and hold 


C1 On-Chip Offset Null Circuit Eliminates Long-Term Drift 
Errors and Need for Trimming 


L] Single 16-Pin Package 
CL) Minimal External Circuity Required 


C Serial Data Output of 64kb/s—2.1 Mb/s at 8kHz Sam- 
pling Rate 


CL Separate Analog and Digital Grounding Pins Reduce 
System Noise Problems 


DESCRIPTION 


The MK5116 is a monolithic CMOS companding CODEC 
which contains two sections: (1) An analog-to-digital con- 
verter which has a transfer characteristic conforming to 
the »-255 companding law and (2) a digital-to-analog con- 
verter which also conforms to the »-255 law. 


These two sections form a coder-decoder which is 
designed to meet the needs of the telecommunications 
industry for per-channel voice-frequency codecs used 
in telephone digital switching and transmission systems. 
Digital input and output are in serial format. Actual 
transmission and reception of 8-bit data words contain- 
ing the analog information is done at a 64kb/s-2.1 Mb/s 
rate with analog signal sampling occurring at an 8kHz 
rate. A sync pulse input is provided for synchronizing 
transmission and reception of multi-channel information 
being multiplexed over a single transmission line. 


The pin configuration of the MK5116 is shown in Figure 1. 


MK5116(J/N) 


PIN CONNECTIONS 


Figure 1 
ANALOG INPUT — > 1[_| | 16 <€—+Vpece 
V+ — > 2! | | |4 5 <— -Veer 
Vo— 7a T114“&— ANALOG GROUND 


N/C —— qT . 113 ——> ANALOG OUTPUT 
MASTER CLOCK —>§[_] [J12<€— DIGITAL INPUT 
XMIT SYNC —>6[_] | ]11<— DIGITAL GROUND 
| 110<€— RCV CLOCK 


| | 9<€— RCV SYNC 


XMIT CLOCK —>7L_| 
DIGITAL OUTPUT <— 8[ | 


A block diagram of a PCM system using the MK5116 is 
shown in Figure 2. 


PCM SYSTEM BLOCK DIAGRAM 
Figure 2 
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FUNCTIONAL DESCRIPTION: (Refer to Figure 3 for a 
Block Diagram) — | 


MK5116 BLOCK DIAGRAM 
Figure 3 


TRANSMIT 
XMIT SECTION 
SYNC 


XMIT 
CLOCK 


ANALOG 
INPUT 


MASTER 
CLOCK 


DIGITAL 
INPUT 


RCV 
SYNC 


RCV 
CLOCK 


RECEIVE 
SECTION 


POSITIVE AND NEGATIVE REFERENCE 
VOLTAGES (+V +peF and —Vrer) Pins 16 and 15 


These inputs provide the conversion references for the 
digital-to-analog converters in the MK5116. +Vper and 
—Vrer Must maintain 100ppM/°C regulation over the 
operating temperature range. Variation of the reference 
directly affects system gain. 


ANALOG INPUT, Pin 1 


Voice-frequency analog signals which are bandwidth- 
limited to 4kHz are input at this pin. Typically, they are 
then sampled at an 8kHz rate (refer to Figure 4). The 
analog input must remain between +Vper and —Vper 
for accurate conversion. The recommended input inter- 
face circuit is shown in Figure 9. 


MASTER CLOCK, Pin 5 


This signal provides the basic timing and control signals 
required for all internal conversions. It does not have to 
be synchronized with RCV SYNC, RCV CLOCK, XMIT 
SYNC, or XMIT CLOCK and is not internally related to 
them. 
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DIGITAL 
OUTPUT 


XMIT SYNC, Pin 6 (Refer to Figure 10 for the Timing 
Diagram) 


This input is synchronized with XMIT CLOCK. When 
XMIT SYNC goes high, the digital output is activated, and 
the A/D conversion begins on the next positive edge of 
MASTER CLOCK. The conversion by MASTER CLOCK 
can be asynchronous with XMIT CLOCK. The serial out- 
put data is clocked out by the positive edges of XMIT 
CLOCK. The negative edge of XMIT SYNC causes the 
digital output to become three-state. XMIT SYNC may re- 
main high longer than 8 XMIT CLOCK cycles, but must 
go low for at least 1 master clock before the transmis- 
sion of the next digital word (refer to Figure 12). 


XMIT CLOCK, Pin 7 (Refer to Figure 10 for the Timing 
Diagram) 


The on-chip 8-bit output shift register of the MK5116 is 
unloaded at the clock rate present on this pin. Clock rates 
of 64kHz-2.1MHz can be used for XMIT CLOCK. The 
positive edge of the INTERNAL CLOCK transfers the data 
from the master to the slave of a master-slave flip-flop 
(refer to the Figure 5). If the positive edge of XMIT SYNC 
occurs after the positive edge of XMIT CLOCK, XMIT 
SYNC will determine when the first positive edge of IN- 
TERNAL CLOCK will occur. In this event, the hold time 
for the first clock pulse is measured from the positive edge 
of XMIT SYNC. 


RVC SYNC, Pin 9 (Refer to Figure 11 for the Timing 
Diagram) 


This input is synchronized with RCV CLOCK, and serial 
data is clocked in by RCV CLOCK. Duration of the RCV 
SYNC pulse is approximately 8 RCV CLOCK periods. The 
conversion from digital to analog starts after the negative 
edge of the RCV SYNC pulse (refer to Figure 4). The 
negative edge of RCV SYNC should occur before the 9th 
positive clock edge to insure that only eight bits are 
clocked in. RCV SYNC must stay low for 17 MASTER 
CLOCKS (min.) before the next digital word is to be re- 
ceived (refer to Figure 13). 


RCV CLOCK, Pin 10 (Refer to Figure 11 for Timing 
Diagram) 


The on-chip 8-bit shift register for the MK5116 is loaded 
at the clock rate present on this pin. Clock rates of 
64kHz-2.1MHz can be used for RCV CLOCK. Valid data 
should be applied to the digital input before the positive 
edge of the internal clock (refer to Figure 5). This set up 
time, taps, allows the data to be transferred into the 
MASTER of a master-slave flip-flop. A hold time, tapy, is 
required to complete this transfer. If the rising edge of RCV 
SYNC occurs after the first rising edge of RCV CLOCK, 
RCV SYNC will determine when the first positive edge 
of INTERNAL CLOCK will occur. In this event, the set-up 


A/D, D/A CONVERSION TIMING 
Figure 4 
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DATA INPUT/OUTPUT TIMING 
Figure 5 


Required For Data To Transfer 
From Master to Slave 


200ns 


XMIT 
Internal 
Clock 


- x Valid Data 


Required To Transfer Data 


RCV | |<-200ns From Master to Slave 
Internal 
Clock 


=) k«— 50ns Required to Load Master 


xX Valid Incoming Data 


and hold times for the first clock pulse should be 
measured from the positive edge of RCV SYNC. 


DIGITAL OUTPUT, Pin 8 


The MK5116 output register stores the 8-bit encoded sam- 
ple of the analog input. This 8-bit word is shifted out under 
control of XMIT SYNC and XMIT CLOCK. When XMIT 
SYNC is low, the DIGITAL OUTPUT is an open circuit. 
When XMIT SYNC is high, the state of the DIGITAL OUT- 
PUT is determined by the value of the output bit in the 
serial shift register. The output is composed of a Sign Bit, 
3 Chord Bits, and 4 Step Bits. The Sign Bit indicates the 
polarity of the analog input while the Chord and Step Bits 
indicate the magnitude. In the first Chord, the Step Bit 
has a value of 0.6mvV. In the second Chord, the Step Bit 
has a value of 1.2mV. This doubling of the step value con- 


MK5116 
DIGITAL 
saree | ed el cll lll 
S/M{S/M|S/M|S/MIS/M |S/M IS/M}S/M 
XMIT Si a ae 
XMIT CLOCK 2 


XMIT 
Internal Clock 


DIGITAL | 
Sea or CC 
RCV SYNC 


RCV 
Internal Clock 


nev evoex| |) 


tinues for each of the six successive Chords. 

Each Chord has a specific value; and the Step Bits, 16 
in each Chord, specify the displacement from that value 
(refer to Table 1). Thus the output, which follows the y-255 
law, has resolution that is proportional to the input level 
rather than to full scale. This provides the resolution of 
a 12-bit A/D converter at low input levels and that of a 
6-bit converter as the input approaches full scale. The 
transfer characteristic of the A/D converter (u-law Encoder) 
is shown in Figure 6. 


DIGITAL INPUT, Pin 12 


The MK5116 input register accepts the 8-bit sample of an 
analog value and loads it under control of RCV SYNC 
and RCV CLOCK. The timing diagram is shown in Figure 
11. When RCV SYNC goes high, the MK5116 uses RCV 


DIGITAL OUTPUT CODE 1-LAW 


Table 1 
Chord Code Chord Value Step Value 
1. 000 0.0mV 0.613mV 
2. 001 10.114mV 1.226mV 
3. 010 30.3mV 2.45mV 
4. 011 70.8mV 490mV 
5. 100 151.7mV 9.81mV 
6. 101 313mV 19.61mV 
7. 110 637mV 39.2mV 
8 111 1.284V 78.4mV 
EXAMPLE: 
1 011 0010 = + 708mV + (2x4.90mV) 
Sign Bit Chord Step Bits 


If the sign bit were a zero, then both plus signs would 
be changed to minus signs. 


A/D CONVERTER (u-Law Encoder) TRANSFER 
CHARACTERISTIC 


Figure 6 
Sih aa 
1111 0000 
1110 0000 
1101 0000 
1100 0000 
1011 0000 
”n 
5 1010 0000 
F ) 1001 0000 
3 1000 0000 
=0000 
< 0001 0000 
o 0010 0000 
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0011 0000 
0100 0000 
0101 0000 
0110 0000 
0111 0000 
01111111 


ANALOG INPUT (VOLTS) 


D/A CONVERTER (u-Law Decoder) 
TRANSFER CHARACTERISTIC 
Figure 7 
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CLOCK to clock the serial data into its input register. RCV 
SYNC goes low to indicate the end of serial input data. 
The 8 bits of the input data have the same functions 
described for the DIGITAL OUTPUT. The transfer 
characteristic of the D/A converter (u-Law Decoder) is 
shown in Figure 7. 


ANALOG OUTPUT, Pin 13 


The analog output is in the form of voltage steps (100% 
duty cycle) having amplitude equal to the analog sample 
which was encoded. This waveform is then filtered with 
an external low-pass filter with sinx/x correction to recreate 
the sampled voice signal. 


OPERATION OF CODEC WITH 64kHz XMIT/RCV 
CLOCK FREQUENCIES 


XMIT/RCV SYNC must not be allowed to remain at a logic 
“4” state. XMIT SYNC is required to be at a logic “0” state 
for 1 master-clock period (min.) before the next digital 
word is transmitted. RCV SYNC is required to be at a logic 
“0” state for 17 master-clock periods (min.) before the next 
digital word is received (refer to Figures 12 and 13). 


OFFSET NULL 


The offset-null feature of the MK5116 eliminates long-term 
drift errors and conversion errors due to temperature 
changes by going through an offset-adjustment cycle 
before every conversion, thus guaranteeing accurate A/D 
conversion for inputs near ground. There is no offset ad- 
just of the output amplifier because the resultant DC er- 
ror (VorFseTp) Will have no effect, since the output is 
intended to be AC-coupled to the external filter. The sign 
is not used to null the analog input. Therefore, for an 
analog input of 0 volts, the sign bit will be stable. 


PERFORMANCE EVALUATION 


The equipment connections shown in Figure 8 can be 
used to evaluate the performance of the MK5116. An 
analog signal provided by the HP3551A Transmission Test 
Set is connected to the Analog Input (Pin 1) of the MK5116. 
The Digital Output of the CODEC is tied back to the 
Digital Input, and the Analog Output is fed through a low- 
pass filter to the HP3551A. Remaining pins of the MK5116 
are connected as follows: 


(1) RCV SYNC is tied to XMIT SYNC 
(2) XMIT CLOCK is tied to MASTER CLOCK. The signal 
is inverted and tied to RCV CLOCK. 


The following timing signals are required: 


(1) MASTER CLOCK = 1.536 MHz 
(2) XMIT SYNC repetition rate = 8kHz 
(3) XMIT SYNC width = 8 XMIT CLOCK periods 


When all the above requirements are met, the setup of 


Figure 8 permits the measurement of synchronous system 
performance over a wide range of analog inputs. The data 
register and ideal decoder provide a means of checking 
the encoder portion of the MK5116 independently of the 
decoder section. To test the system in the asynchronous 
mode, MASTER CLOCK should be separated from XMIT 


Some experimental results obtained with the MK5116 are 
shown in Figure 14 and Figure 15. In each case, both the 
measured results and the corresponding D3 Channel 
Bank specifications are shown. The MK5116 exceeds the 
requirements for Signal-to-Distortion ratio (Figure 14) and 
for Gain Tracking (Figure 15). 


CLOCK, and MASTER CLOCK should be separated from 
-RCV CLOCK. XMIT and RCV SYNCS are also separated. 


SYSTEM CHARACTERISTICS TEST CONFIGURATION 
Figure 8 
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NOTE: The ideal decoder consists of a digital decompander and a 13-bit precision DAC. 
ABSOLUTE MAXIMUM RATINGS 
DC Supply Vollage: V4.5. d<corencesnsawadeerisnnsaegeesos weer esas e Engst se Rei eke eA yer eRe. +6V 
DC Supply Voltage, V = obese ewkes the rhe tn dees hee Haws sen URE d DH ETA VT een CE EERE eee RASS —6V 
Ambient Operating Temperature, Ty. ... 6... ee ee eee eee a aceestars 0°C to 70°C 
csy/aleste oli (- 198]. 12-110 |(- et ae ce ree ee me ee ee ee ee —55°C to +125°C 
Package Dissipation at 25°C (Derated 9mW/°C when soldered into PCB)..............+-- sees eee 500mW 
Digital HOW 22s. 4 cnx ccersdndedpesd cea esanaucasdieyeepedtetne sted neat ee yet semis —05V<Viys=V+ 
Analog WWW 24 ccc cosene oben ed ee ks cous oSpap Gk cis 7a oes sped eae ees SEU ease ee Rae V-—<Vin=Vt+ 
+Vre_er Pa a re ae a ee me a ee ee ee i -—-05V=s +Vpep sV+ 
—Vrer ea alge ig Ree ES Bf NS ok ae vin tee eciby sake oe, rh iRise La cae WO Tal “Be a GBC, vy RLV GOS Se we, aL eC Te wie ce aie TE eat So ee V-< —Vper = +05V 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damages to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operation sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may effect device reliability. 


ELECTRICAL OPERATING CHARACTERISITCS 
POWER SUPPLY REQUIREMENTS 


TEST CONDITIONS: V+ = 50V, V- = —50V, +Vper = 25V, —Vpep = -25V, Ta = 0°C to 70°C 


DC CHARACTERISTICS 
PARAMETER | MIN | Tve | UNITS | NOTES _ 


Rinag __| Analog Input Resistance During 
Sampling 
Rinans _ | Analog Input Resistance Non- 
Sampling 


Cina Analog Input Capacitance 
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Logic Input Low Current 
(Vin = 08V) Digital Input, 
Clock Input, Sync Input 


Logic Input High Current 
(Vin = 2.4V) Digital Input, Master 
and RCV Clock Input, RCV 
Sync Input 
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Logic Input High Current 


IINHIGHy eee 
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TX Clock, TX Sync 


Vouruow | Pita Output Low Votage | 
Yourmch| Dita Output Heh Votape [89 
r+ [ste Supsy Curent | 
T= _| Negative Supp Curent 

aes 


lpeF + Positive Reference Current Le 
Negative Reference Current PT , 


Sym [PARAMETER [MIN | MAX | 
[Fu | Master Clock Frequency [15 | at 
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tween Sync Pulse Width (XMIT RCV) 


AC CHARACTERISTICS (Refer to Figure 10 and a 11) 
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oman Cet te 
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tec (tas) 
eee Ce | 
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[es | XMIT Syne Set-Up Time | 200 «| 
ea a a ee a 
[op | XWIT Data Prosent | =O ||| S| 


vor XMIT Deta Three Stet | TT tons] 
esate ae 


‘toon _| Digital Output Rise Time | Digital Output Rise Time = Rise Time 


fone RVC Syne-to-RCV Clock Delay 
aa snip 


[wos [POV bata SotUp Tine 

ee 
"nes [GV GeockioAGV SyreDowy | a | | | | 
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AC CHARACTERISTICS (Refer to Figures 14 and 15) 


[sv [PARAMETER =< WN'| TYP | AX [UNTS|TEST.COND. 


Gain Tracking Transmit 0.0 +.2 | dB_ | Analog Input=+3 to —37dBm0 
+0.1 +4 dB | Analog Input=-37 to —50dBmo 
+0.2 | +1.25| dB_ | Analog Input =—50 to —55dBm0 
0.0 +.2 dB 
+0.1 +4 d 

+0.2 | +1.25 
0.0 +4 
+0.1 +8 
+0.2 | +250 


Relative to 0 dBm0 


Input Level=+3 to —37dBm0 
Input Level=—37 to —50dBm0 
Input Level=—50 to —55dBm0 
Relative to 0 dBm0 


Gain Tracking Receive 


Analog Input=+3 to —37dBm0 
Analog Input=—37 to —50dBm0 
Analog Input=—50 to —55dBm0 
Relative to 0 dBm0 


Gain Tracking End to End 


Analog Input=0 to —30dBm0 
Analog Input= —40dBm0 
Analog Input= —45dBm0 
Input Level=0 to —30dBm0 
Input Level= —40dBm0 
Input Level= —45dBm0 


AC CHARACTERISTICS (Refer to Figures 14 and 15) 


oe 
Analog Input= —40 dBm0 


SDe¢ | Signal to Distortion End to End 
Analog Input= —45 dBm0 


/Na | Idle Channel Noise Receive | Channel Noise Receive [Idle Channel Noise Receive | | |__| dBnco | [Digital input=0 Code Input =0 [Digital input=0 Code 


ate Channel Noise End to End 18 | dBnc0 | Analog Input=0 Volts 
Digital Output to Digital Input 


Crosstalk Receive to Transmit Analog In= —50 dBm0 at 2600 H, 
Digital Input= 0 dBm0 at 
1008 H, digital _ 
Crosstalk Transmit to Receive Analog In=0 dBm0 at 1008 H, 
Digital Input=0 Code 


}TLP | Transmission Level Point =| Level Point |Transmission Level Point | | +4] | dB jee = | 


TEST COND. 


Analog Input=0 to —30 dBm0 


NOTES: 
1. +Vper and —Vper must be matched within + 1% in order to meet system 

seausneniaa RECOMMENDED ANALOG INPUT CIRCUIT 
2. Sampling is accomplished by charging an internal capacitor; therefore, the Figure 9 


designer should avoid excessive source impedance. Input-related device 
characteristics are derived using the Recommended Analog Input Circuit. 
See Figure 9. 
3. When a transition from a “1” to a “0” takes place, the user must sink the 
“4” current until reaching the “0” level. 
Driving 30pF with Iq, = 100pA, Io, = 500pA. 
Results in 30 mW typical power dissipation (clocks applied) under normal 
operating conditions. SOURCE 
6. This delay is necessary to avoid overlapping CLOCK and SYNC. silane iada 
7. The first bit of data is loaded when the Sync and Clock are both “1” during 
bit time 1 as shown on RCV timing diagram. 
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TRANSMITTER SECTION TIMING 


Figure 10 
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NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 


RECEIVER SECTION TIMING 
Figure 11 
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serps! oi 


tsSAo = 
ANALOG OUTPUT 7 


NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 
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64kHz OPERATION, TRANSMITTER SECTION TIMING 
Figure 12 
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PCM DATA PRESENT 
NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V, 


64kHz OPERATION, RECEIVER SECTION TIMING 
Figure 13 
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RCV SYNC CLOCK 
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NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V, 


MK5116 SINGLE-ENDED SIGNAL TO DISTORTION MK5116 SINGLE-ENDED GAIN TRACKING 
Figure 14 Figure 15 
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B 68 
GAIN TRACKING (dB) 


INPUT LEVEL (dBm0) 


INPUT LEVEL (dBmo) 


TELECOMMUNICATION 
PRODUCTS 


eee 


p-255 LAW COMPANDING CODEC 


MK5151(J/P) 


FEATURES 

O +5-Volt Power Supplies 

O Low Power Dissipation - 30mW (Typ) 
O Follows the »-255 Companding Law 


O Zero Code Suppression and Sign-Magnitude Data 
Format 


QO On-Chip Sample and Hold 


0 On-Chip Offset Null Circuit Eliminates Long-Term 
Drift Errors and Need for Trimming 


O Single 24-Pin Package 
O Minimal External Circuitry Required 


O Serial Data Output of 64kb/s - 2.1Mb/s at 8kHz 
Sampling Rate 


O Separate Analog and Digital Grounding Pins Reduce 
System Noise Problems 


DESCRIPTION 


The MK5151 is a monolithic CMOS companding 
CODEC which contains two sections: (1) An analog-to- 
digital converter which has a transfer characteristic 
conforming to the u-255 companding law and (2) a 
digital-to-analog converter which also conforms to the 
p-255 law. 


These two sections form a coder-decoder which is 
designed to meet the needs of the telecommunications 
industry for per-channel voice-frequency codecs used 
in telephone digital switching and _ transmission 
systems. Digital input and output are in serial format. 
Actual transmission and reception of 8-bit data words 
containing the analog information is done at a 64kb/s- 
2.1 Mb/s rate with analog signal sampling occuring at 


an 8kHz rate. A sync pulse input is provided for 
synchronizing transmission and reception of multi- 
channel information being multiplexed over a single 
transmission line. 


The pin configuration of the MK5151 is shown in Figure 
1, 


PIN CONNECTIONS 
Figure 1 | 


DIGITAL OUTPUT <«e— 1 
XMIT CLOCK —2 (J 
A/B SEL (XMIT)— 30 
B SIGNAL IN—s4 () 

A SIGNAL IN—>5 7 
RCV. SYNC—6 (0 

RCV. CLOCK—7 
A/B SEL. (RCV.)—8 CF 
A SIGNAL OUT<«— 97 

B SIGNAL OUT ~@—10 
DIGITAL INPUT —11 (J 
DIGITAL GROUND 12) 


| | 24-—-N/C 

|) 23—t— XMIT SYNC 

|} 22—a@— MASTER CLOCK 
|) 21<€— V+ 

|) 20<@— ANALOG INPUT 
[) 19<&—+Vpee 

) 18<@—-Vrer 

|) 17<@— ANALOG GROUND 
|) 16—N/C 

1) 15——N/C 

|) 14— ANALOG OUTPUT 
a 13—@—V- 


A block diagram of a PCM system using the MK5151 is 
shown in Figure 2. 


PCM SYSTEM BLOCK DIAGRAM 
Figure 2 


FUNCTIONAL DESCRIPTION: (Refer to Figure 3 for 


a Block Diagram) 


MK5151 BLOCK DIAGRAM 
Figure 3 
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8/13. BIT 
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A‘B SEL. 
(RCV.) 


13. BIT LATCH 


DIGITAL 
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RCV. 
SYNC 


LATCHA 


ANALOG 


acy OUTPUT 


CLOCK 
RECEIVE 
SECTION 


BSIG. ASIG. 


OUT OUT 


POSITIVE AND NEGATIVE REFERENCE 
VOLTAGES (+Vp_r and -Vp_ef) Pins 19 and 18 


These inputs provide the conversion references for the 
digital-to-analog converters in the MK5151.+Vper and 
-VREF Must maintain100ppM//°C regulation over the 
operating temperature range. Variation of the reference 


directly affects system gain. 
ANALOG INPUT, Pin 20 


Voice-frequency analog signals which are bandwidth- 
limited to 4kHz are input at this pin. Typically, they are 
then sampled at an 8kHz rate (Refer to Figure 4.). The 
analog input must remain between +Vp_er and -Vpgr 


for accurate conversion. The recommended input interface 


circuit is shown in Figure 11. 
MASTER CLOCK, Pin 22 


This signal provides the basic timing andcontrol signals 
required for all internal conversions. It does not have to 
be synchronized with RCV. SYNC, RCV. CLOCK, XMIT 
SYNC or XMIT CLOCK and is not internally related to 
them. 
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XMIT SYNC, Pin 23 (Refer to Figure 12 for the 
Timing Diagram) 


This input is synchronized with XMIT CLOCK. When 
XMIT SYNC goes high, the digital output is activated and 
the A/D conversion begins on the next positive edge of 
MASTER CLOCK. The conversion by MASTER CLOCK 
can be asynchronous with XMIT CLOCK. The serial 
output data is clocked out by the positive edges of XMIT 
CLOCK. The negative edge of XMIT SYNC causes the 
digital output to become three-state. XMIT SYNC must 
go low for at least 1 master clock. prior to the 
transmission of the next digital word. (Refer to Figure 
14). ; 


XMIT CLOCK, Pin 2 (Refer to Figure 12 for the Timing 
Diagram) 


The on-chip 8-bit output shift register of the MK5151 is 
unloaded at the clock rate present on this pin. Clock | 
rates of 64kHz-2.1MHz can be used for XMIT CLOCK. 
The positive edge of the INTERNAL CLOCK transfers the 
data from the master to the slave of a master-slave flip- 
flop (Refer to Figure 5). If the positive edge of XMIT SYNC 
occurs after the positive edge of XMIT CLOCK, XMIT 
SYNC will determine when the first positive edge of 
INTERNAL CLOCK will occur. In this event, the hold time 
for the first clock pulse is measured from the positive 
edge of XMIT SYNC. 


RCV. SYNC, Pin 6 (Refer to Figure 13 for the amine 
diagram) 


This input is synchronized with RCV. CLOCK and serial 
data is clocked in by RCV. CLOCK. Duration of the RCV. 
SYNC pulse is approximately 8 RCV. CLOCK periods. 
The conversion from digital-to-analog starts after the 
negative edge of the RCV. SYNC pulse (Refer to Figure 
4). The negative edge of RCV. SYNC should occur before 
the 9th positive clock edge to insure that only eight bits - 
are clocked in. RCV. SYNC must stay low for 17 
MASTER CLOCKS (min.) before the next digital word is 


to be received (Refer to Figure 15). 


RCV CLOCK, Pin 7 (Refer to Figure 13 for Timing 
Diagram) 


The on-chip 8-bit shift register for the MK5151 is loaded 
at the clock rate present on this pin. Clock rates of 
64kHz-2.1MHz can be used for RCV. CLOCK. Valid data 
should be applied to the digital input before the positive 
edge of the internal clock (Refer to Figure 5). This set up 
time, tros, allows the data to be transferred into the 
MASTER of a master-slave flip-flop. The positive edge of 
the INTERNAL CLOCK transfers the data to the SLAVE 
of the master-slave flip-flop. A hold time, trpu, is 
required to complete this transfer. If the rising edge of 
RCV. SYNC occurs after the first rising edge of RCV. 
CLOCK, RCV. SYNC will determine when the first 
positive edge of INTERNAL CLOCK will occur. In this 


A/D, D/A CONVERSION TIMING 
Figure 4 


125usec 


oa 


- XMIT SYNC \ Lf 


; ==15-20usec 
SAMPLE AND HOLD 
SAMPLE TIME 


= 32 MASTER CLOCKS 


ENABLE SAR 


SAR REQUIRES 
=128 MASTER CLOCKS 


= B0usec 


ofa SAR 
CONTINUES 


UPDATE 
OUTPUT 
REGISTER 


CONVERSIONS 


| =~ 7 usec | 


RCV. SYNC 


ANALOG OUTPUT UPDATED 


DATA INPUT/OUTPUT TIMING 


Figure 5 
200ns Required For Data To Transfer 
XMIT jo From Master to Slave 
Internal 


Clock 


X Valid Data 


Required To Transfer Data 


RCV. —»! l«- 200ns From Master to Slave 


Internal 
Clock 


a kt—50ns Required to Load Master 


X Valid Incoming Data 


event, the set-up and hold times for the first clock pulse 
should be measured from the positive edge of RCV. 


SYNC. 
DIGITAL OUTPUT, Pin 1 


The MK5151 output register stores the 8-bit encoded 
sample of the analog input. This 8-bit word is shifted out 
under control of XMIT SYNC and XMIT CLOCK. When 
XMIT SYNC is low, the DIGITAL OUTPUT is an open 
circuit. When XMIT SYNC is high, the state of the 
DIGITAL OUTPUT is determined by the value of the 
output bit in the serial shift register. The output is 
composed of a Sign Bit, 3 Chord Bits, and 4 Step Bits. 
The Sign Bit indicates the polarity of the analog input 
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MK5151 


DIGITAL 


XMIT SYNC 


XMIT CLOCK 


DIGITAL 


rss M/S M/S|M/S'M/S 


RCV SYNC 


RCV CLOCK 


while the Chord and Step Bits indicate the magnitude. In 
the first Chord, the Step Bit has a value of O.6mV. Inthe 
second Chord, the Step Bit has a value of 1.2mV. This 
doubling of the step value continues for each of the six 
successive Chords. 


Each Chord has a specific value and the Step Bits, 16 in 
each Chord, specify the displacement from that value 
(Refer to Table 1). Thus the output, which follows the 
u-255 law, has resolution that is proportional to the 
input level rather than to full scale. This provides the 
resolution of a 12-bit A/D converter at low input levels 
and that of a 6-bit converter as the input approaches full 
scale. The transfer characteristic of the A/D converter 
(u-law Encoder) is shown in Figure 6. 


DIGITAL OUTPUT CODE u-LAW 
Table 1 


Chord Code 


eisfoiteisie| | 


EXAMPLE: 
1 100 
Sign Bit Chord Step Bits 


If the sign bit were a zero, then both plus signs would be 


changed to minus signs. 


A/D CONVERTER (u-Law Encoder) TRANSFER 


CHARACTERISTIC 


SIGNALING = 0, XX = 10 
NO SIGNALLING, XX = 10 


Figure 6 
1000 0000 
in Aes eee 
1001 1111 
1010 1111 
10111111 

a 1100 1111 

z 1101 1111 

5 VETO VAT 

O1111 11113 

ze" | 

a 0110 1111 

3 0101 1111 
0100 1111 
00111111 
ee eee 
0000 1111 Ecce: Ae eee 
ms eG Aa eee aeee 

SIGNALING = 1. XX = 01 -VREF -VREF 0 


eee. *YAke 
2 


2 
ANALOG INPUT (VOLTS) 


D/A CONVERTER (yu-Law Decoder) TRANSFER 


CHARACTERISTIC 
Figure 7 


ANALOG OUTPUT 
(VOLTS) 


reer ere Mr Kr e/- e 


1100 11 
101111 
1010 11 
1001 11 
1000 11 
1000 00 


1101 11 


= 
SIGNALING = 1, Xx = 01 - 
SIGNALING = 0, XX = 10 = 
NO SIGNALLING, XX = 10 = 

°o 


F997 1991 


DIGITAL INPUTS 


1101 = +70.8mV + (2 x 4.90mV) 


DIGITAL INPUT, Pin 11 


The MK5151 input register accepts the 8-bit sample of 
an analog value and loads it under control of RCV. SYNC 
and RCV. CLOCK. The timing diagram is shown in 
Figure 13. When RCV. SYNC goes high, the MK5151 
uses RCV. CLOCK to clock the serial data into its input 
register. RCV. SYNC goes low to indicate the end of 
serial input data. The 8 bits of the input data have the 
same functions described for the SERIAL OUTPUT. The 
transfer characteristic of the D/A converter (u-law 
Decoder) is shown in Figure 7. 


ANALOG OUTPUT, Pin 14 


The analog output is in the form of voltage steps (100% 
duty cycle) having amplitude equal to the analog sample 
which was encoded. This waveform is then filtered with 
an external low-pass filter with sinx/x correction to 
recreate the sampled voice signal. When the 8th bit of 
the word is a signalling bit, it is assigned a value of 
step. This results in a lower system quantization error 
rate than would result if the bit were arbitarily set to O 
(no step) or 1 (full step). 


OPERATION OF CODEC WITH 64kHz XMIT/RCV. 
CLOCK FREQUENCIES 


XMIT/RCV. SYNC must not be allowed to remain at a | 
logic ‘1°’ state. XMIT SYNC is required to be at a logic 
“O’’ state for 1 master clock period (min.) before the next 
digital word is transmitted. RCV. SYNC is required to be 
at a logic ‘O”’ state for 17 master clock periods (min.) 
before the next digital word is received (Refer to Figures 
14 and 15). 


A/B SIGNAL IN, Pins 4 and 5 


These two pins allow insertion of signalling information 
into the transmitted data stream. The _ inserted 
information occurs as the 8th bit (LSB) in the 
transmitted word. A positive transition occuring on A/B 
SEL (XMIT) selects A SIGNAL IN while a negative 
transition selects B SIGNAL IN. 


A/B SIGNAL OUT, Pins 9 and 10 


These two pins are provided to output received 
signalling information. A positive transition on A/B SEL 
(RCV) routes the signal bit to A SIGNAL OUT while a 
negative transition routes the signal bit (bit 8) to B 
SIGNAL OUT. Refer to Figure 8. 


A/B SEL (XMIT), Pin 3 


This input selects either A SIGNALIN or BSIGNALIN as 
described in the A/B SIGNAL IN paragraph above, and 
should be changed only at the start of the 6th and 12th 
frames as shown in Figure 9. 


eee 


A/B SELECT TIMING 
Figure 8 


SS ye ee 


TIME SLOT 24 


XMIT SYNC, 
TIME SLOT 1 


1.4V 


A/B SELECT RCV. ta/s0—|_ «= ____ 
A SIGNAL OUT OR B SIGNAL OUT 1.4V 


SIGNALLING TIMING REQUIREMENTS FOR 
PERFORMANCE EVALUATION 
Figure 9 


RCV, SYNC 


(XMIT) 
A/B SEL. (RCV) 


A SIGNAL IN | | 
B SIGNAL IN | | 


(1) 
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A/B SEL (RCV.), Pin 8 


This input routes the signalling bit, bit 8, either to A 
SIGNAL OUT or to B SIGNAL OUT as described in the 
A/B SIGNAL OUT paragraph above, and should be 
changed only at the start of the 6th and 12th frames as 
shown in Figure 9. 


OFFSET NULL 

The offset null feature of the MK5151 eliminates long- 
term drift errors and conversion errors due to 
temperature changes by going through an offset 
adjustment cycle before every conversion, thus 
guaranteeing accurate A/D conversion for inputs near 
ground. There is no offset adjust of the output amplifier 
because, since the output is intended to be AC - coupled 
to the external filter, the resultant DC error (Vorrset/o) 
will have no effect. The sign bit is not used to null the 
analog input. Therefore, for an analog input of O volts, 
the sign bit will be stable. 


PERFORMANCE EVALUATION 


The equipment connections shown in Figure 10 can be 
used to evaluate the performance of the MK5151. An 
analog signal provided by the HP3551A Transmission. 
Test Set is connected to the Analog Input (Pin 20) of the 
MK5151. The Digital Output of the CODEC is tied back 
to the Digital Input and the Analog Output is fed through 
a low-pass filter to the HP3551A. Remaining pins of the 
MK5151 are connected as follows: 


(1) 
(2) 
(3) 


A/B SEL. (RCV) is tied to A/B SEL. (XMIT). 

RCV. SYNC is tied to XMIT SYNC. 

XMIT CLOCK is tied to MASTER CLOCK. The signal 
is inverted and tied to RCV. CLOCK. 


The following timing signals are required: 
MASTER CLOCK = 1.536 MHz 


XMIT SYNC repetition rate = 8kHz 
XMIT SYNC width = 8 MASTER CLOCK periods 


(2) 
(3) 


Additional timing signals are shown in Figure 9. 


When all the above requirements are met, the setup of 
Figure 10 permits the measurement of synchronous 
system performance over a wide range of analog inputs. 
The data register and ideal decoder provide a means of 
checking the encoder portion of the MK5151 
independently of the decoder section. To test the system 
in the asynchronous mode, MASTER CLOCK should be 
separated from XMIT CLOCK and MASTER CLOCK 
should be separated from RCV. CLOCK. XMIT CLOCK 
and RCV. CLOCK are separated also. 


Some experimental results obtained with the MK5151 
are shown in Figure 16 and Figure 1 7. In each case, both 
the measured results and the corresponding D3 
Channel Bank specifications are shown. The MK5151 
exceeds the requirements for Signal-to-Distortion ratio 
(Figure 17) and for Gain Tracking (Figure 16). 


SYSTEM CHARACTERISTICS TEST 
CONFIGURATION 
Figure 10 
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Stresses above those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


ELECTRICAL OPERATING CHARACTERISTICS 
POWER SUPPLY REQUIREMENTS 


TEST CONDITIONS: V+ = 5.0 V, V- = -5.0 V, + Vag = 2.5 V, -Vage = -2.5 V, Ta = O°C to 70°C 


DC CHARACTERISTICS 
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DC CHARACTERISTICS CONTINUED 
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AC CHARACTERISTICS CONTINUED (Refer to Figure 12 and 13) 
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A/B Select Setup Time | 
A/B Signalling Output Delay 
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Analog Output Negative Slew Rate 


Analog Output Droop Rate 


SYSTEM CHARACTERISTICS (Refer tu Figures 16 and 17) 


S/D Signal-to-Distortion Ratio 39, : 
d 
dB 
Analog Input=-37 to -50dBm0 
Analog Input=-50 to -55dBm0 


GT 
| dB 
Transmission Level Point | dB | 6000 


Analog Input=0 to -30dBm0 
Analog Input=-40dBmO 
Analog Input=-45dm0 


Gain Tracking Analog Input=+3 to -37dBm0 


RECOMMENDED ANALOG INPUT CIRCUIT 


Figure 11 
{ 
NOTES: 
ie +Vper and ~Vece must be matched within + 1% in order to meet system | 
requirements. | 
2. Sampling is accomplished by charging an internal capacitor; therefore, the TYPICAL 
designer should avoid excessive source impedance. Input related device SOURCE | ¢ R 
characteristics are derived using the Recommended Analog [nput Circuit. IMPEDANCE | 1 uF INA’ "INAS 
See Figure 11. 
3. Whenatransistion froma‘'1"’ toa ‘‘O” takes place, the user must sink the ! 
“1” current until reaching the ‘‘O” level. 
4. — Driving 30pF with Igy = -100uA, Ig, = 500uA. l 
5. Results in 30 mW typical power dissipation (clocks applied) under normal abe | 
operating conditions. - 
6. ‘This delay is necessary to avoid overlapping CLOCK and SYNC. | 
7. The first bit of data is loaded when the Sync and Clock are both ‘1’ during ; 


bit time 1 as shown on RCV timing diagram. 


TRANSMITTER | | 
SECTION TIMING 


Figure 12 
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PCM DATA PRESENT 


NOTE: All rise and fall times are measured from 0 4V and 2.4V 
All delay times aremeasured from 1 4V. 


RECEIVER SECTION TIMING 
Figure 13 
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NOTE: All rise & fall times are measured from 0.4V and 2.4V. All delay times are 
measured from 1.4V. 
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64kHz OPERATION, TRANSMITTER SECTION TIMING 
Figure 14 
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NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are 
measured from 1.4V. 


64kHz OPERATION, RECEIVER SECTION TIMING 
Figure 15 
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NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are 
measured from 1.4V. 
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MK5151 GAIN mn AeRING PERFORMANCE MK5151 S/D RATIO VS. INPUT LEVEL 
Figure 16 Figure 17 


D3 CHANNEL BANK SPECS 


03 CHANNEL BANK SPECS 


SIGNAL TO DISTORTION (dB) 


GAIN TRACKING (dB) 


MK5151 


INPUT LEVEL (dBm0) 


INPUT LEVEL (dBm0) 


PACKAGE DESCRIPTIONS Side-Braze Ceramic (P) 
Cerdip (J) 24-Pin 


24-Pin MK5151P 
MK5151J 


. 075 +.030 
-1.270 _ | = | 


= —| 


Fae MAX. 


=p 5 MIN. 
buh 
120 radmf Fe 8 


—+||—.018+.003 Os sae oa 
i iii as [som —} : 
11 EQUAL SPACES @. mE 
1 EQUAL SPACES @.100 
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DATA SHEET A-LAW COMPANDING CODEC 


FEATURES 
LJ +5-Volt power supplies: 
CL] Low power dissipation - 30 mW (Typ) 


C} Follows the A-Law companding code 


ANALOG INPUT —»> 1 [7 T) 16 «—+Vpee 
OO Includes CCITT recommended even-order-bit in- V+—e2 0 D 15 —-Vv,.- 
version v-—»30 D) 14 «ANALOG GROUND 


NC —— 4 LJ |) 13 ——sANALOG OUTPUT 
CL) Synchronous or asynchronous operation MASTER CLOCK —> 5 (1 [] 12 <—DIGITAL INPUT 
XMIT SYNC —~» 6 [ -] 11 <«——DIGITAL GROUND 


J] 10 «——-RCV CLOCK 
‘J 9 <——RCV SYNC 


C1) On-Chip sample and hold XMIT CLOCK —» 7 [7 
DIGITAL OUTPUT «— 8 | 


O On-chip offset null circuit eliminates long-term drift 
errors and need for trimming 


L] Minimal external circuitry required 


OC Serial data output of 64 kb/s through 2.1 Mb/s at 8 
kHz sampling rate 


Figure 1. Pin Connections 


C) Separate analog and digital grounds reduce noise 
problems 


DESCRIPTION 


The MK5156 is a monolithic CMOS companding 
CODEC that contains two sections: (1) An analog-to- 


digital converter with a transfer characteristic conform- 
ing to the A-law companding code and (2) a digital-to- 
analog converter that also conforms to the A-law code. 


These two sections form a coder-decoder designed to SHEEN 
meet the needs of the telcommunications industry for 
per-channel voice-frequency CODECs used in digital 
switching and transmission systems. Digital input and 
output are in serial format. Actual transmission and 
reception of 8-bit data words containing the analog in- 
formation is done at a 64 kb/s through 2.1 Mb/s rate with 
analog signal sampling occuring at an 8 kHz rate. A 
sync pulse input is provided for synchronizing transmis- 
sion and reception of multi-channel information being 
multiplexed over a single transmission line. A block 
diagram of a PCM system using the MK5156 is shown Figure 2. PCM System Block Diagram 
in Figure 2. 


DIGITAL 
TRUNK 
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DIGITAL 
OUTPUT 


XMIT TRANSMIT 
SYNC SECTION 


CLOCK BUFFER 


MASTER rf SEQUENCE 
CLOCK i CONTROLLER ENC/DEC 


DIGITAL 
INPUT 


RCV 
SYNC 


RCV 
CLOCK 


ANALOG 
OUTPUT 


Figure 3. MK5156 Block Diagram 


FUNCTIONAL DESCRIPTION 


+Vper AND -Vrer 

Input. Pins 16 and 15. These positive and negative 
reference voltages provide the conversion references 
for the digital-to-analog converters in the MK5156. 
+Vre_er and —Vp_er must maintain 100 ppM/°C regula- 
tion over the operating temperature range. Variation of 
the reference directly affects system gain. 


ANALOG INPUT 

Input. Pin 1. Voice-frequency analog signals that are 
bandwidth-limited to 4 kHz are input at this pin. Typical- 
ly, they are then sampled at an 8 kHz rate. (See Figure 
4.) The analog input must remain between +Vper and 
—Vprer for accurate conversion. The recommended in- 
put interface circuit is shown in Figure 9. 


MASTER CLOCK 
Input. Pin 5. This signal provides the basic timing and 
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control signals required for all internal conversions. It 
does not have to be synchronized with RCV SYNC, RCV 
CLOCK, XMIT SYNC or XMIT CLOCK and is not ai 
nally related to them. 


XMIT SYNC 

Input. Pin 6. This input is sichscleed with XMIT 
CLOCK. When XMIT SYNC goes high, the digital out- 
put is activated and the A/D conversion begins on the 
next positive edge of MASTER CLOCK. The conversion 
by MASTER CLOCK can be asynchronous with XMIT 
CLOCK. The serial output data is clocked out by the 
positive edges of XMIT CLOCK. The negative edge of 
XMIT SYNC causes the digital output to become three- 
state. XMIT SYNC must go low for at least one master 
clock period prior to the transmission of the next digi- 
tal word. (See Figure 12.) 


XMIT CLOCK 

Input. Pin 7. The on-chip 8-bit output shift register of 
the MK5156 is unloaded at the clock rate present on 
this pin. Clock rates of 64 kHz-2.1 MHz can be used 
for XMIT CLOCK. The positive edge of the INTERNAL 
CLOCK transfers the data from the master to the slave 
of a master-slave flip-flop. (See Figure 5.) If the posi- 
tive edge of XMIT SYNC occurs after the positive edge 
of XMIT CLOCK, XMIT SYNC will determine when the 
first positive edge of internal clock will occur. In this 
event, the hold time for the first clock pulse is meas- 
ured from the positive edge of XMIT SYNC. 


RCV SYNC 

Input. Pin 9. This input is synchronized with RCV 
CLOCK and serial data is clocked in by RCV CLOCK. 
Duration of the RCV SYNC pulse is approximately 8 
RCV CLOCK periods. The conversion from digital-to- 
analog starts after the negative edge of the RCV SYNC 
pulse. (See Figure 4.) The negative edge of RCV SYNC 
should occur before the 9th positive clock edge to in- 
sure that only eight bits are clocked in. RCV SYNC must 
stay low for 17 MASTER CLOCKS (min.) before the next 
digital word is to be received (See Figure 13). 


RCV CLOCK 

Input. Pin 10. The on-chip 8-bit shift register for the 
MK95156 is loaded at the clock rate present on this pin. 
Clock rates of 64 kHz-2.1 MHz can be used for RCV 
CLOCK. Valid data should be applied to the digital in- 
put before the positive edge of the internal clock. (See 
Figure 5.) This set up time, tang, allows the data to be 
transferred into the master of a master-slave flip-flop. 
The positive edge of the internal clock transfers the data 
to the slave of the master-slave flip-flop. A hold time, 
tapH: IS required to complete this transfer. If the rising 
edge of RCV SYNC occurs after the first rising edge of 


=15-20usec 
SAMPLE AND HOLD 
SAMPLE TIME 


= 32 MASTER CLOCKS 
ENABLE SAR 


SAR REQUIRES 
~128 MASTER CLOCKS 


125 usec 


pe 


= 8O0usec eal 
D/A SAR 
CONVERSIONS CONTINUES 


=7 usec 


UPDATE 
OUTPUT 
REGISTER 


RCV. SYNC 


/ ANALOG OUTPUT UPDATED 


Figure 4. A/D, D/A Conversion Timing 


200ns 
mart |«——»| FROM MASTER TO SLAVE 


INTERNAL 
CLOCK 
X VALID DATA 


REQUIRED FOR DATA TO TRANSFER 


REQUIRED TO TRANSFER DATA 


RCV —»| 200ns |. FROM MASTER TO SLAVE 


INTERNAL 
CLOCK 


}«— 50ns REQUIRED TO LOAD MASTER 


X VALID INCOMING DATA 


MK5156 


DIGITAL 


INTERNAL CLOCK 


Figure 5. Data Input/Output Timing 


RCV CLOCK, RCV SYNC will determine when the first 
positive edge of internal clock will occur. In this event, 
the set-up and hold times for the first clock pulse should 
be measured from the positive edge of RCV SYNC. 


DIGITAL OUTPUT 

Output. Pin 8. The MK5156 output register stores the 
8-bit encoded sample of the analog input. This 8-bit 
word is shifted out under control of XMIT SYNC and 
XMIT CLOCK. When XMIT SYNC is low, the DIGITAL 
OUTPUT is an open circuit. When XMIT SYNC is high, 
the state of the DIGITAL OUTPUT is determined by the 
value of the output bit in the serial shift register. The 
output is composed of a Sign Bit, 3 Chord Bits, and 4 
Step Bits. The Sign Bit indicates the polarity of the 
analog input while the Chord and Step Bits indicate the 
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magnitude. In the first two Chords, the Step Bit has a 
value of 1.2 mV. In the third Chord, the Step Bit has a 
value of 2.4 mV. This doubling of the step value con- 
tinues for each of the five successive Chords. 


Each Chord has a specific value and the Step Bits, 16 
in each Chord, specify the displacement from that value 
(Refer to Table 1). Thus the output, which follows the 
A-law, has resolution that is proportional to the input 
level rather than to full scale. This provides the resolu- 
tion of a 12-bit A/D converter at low input levels and that 
of a 6-bit converter as the input approaches full scale. 
The transfer characteristic of the A/D converter (A-law 
Encoder) is shown in Figure 6. 


DIGITAL INPUT 
Input. Pin 12. The MK5156 input register accepts the 


8-bit sample of an analog value and loads it under con- 
trol of RCV SYNC and RVC CLOCK. The timing dia- 
gram is shown in Figure 11. When RCV SYNC goes 
high, the MK5156 uses RCV CLOCK to clock the serial 
data into its input register. RCV SYNC goes low to indi- 
cate the end of serial input data. The eight bits of the 
input data have the same functions described for the 
DIGITAL OUTPUT. The transfer characteristic of the D/A 
converter (A-law Decoder) is shown in Figure 7. 


Table 1. Digital Output Code: A Law 


Chord Code Chord Value. —-_ Step Value 
1. 101 0.0mV 1.221mV 
2. 100 20.1mV —. 1.221mV 
3. 711 40.3mV 2.44mV 
4. 110 80.6mV 4.88mV 
5. 001 - 161.1mV 9.77mV 
6. 000 332mV 19.53mV 
7. O11 645mV 39.1mV 
8. 010 1.289V 78.1mV 
EXAMPLE: 
1 110 0111 = +80.6mV+(2 x 4.88mV) 


Sign Bit Chord _— Step Bits 
lf the sign bit were a zero, then both plus signs would 
be changed to minus signs. 
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meets “ose ee 
eee UO 
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-VREF -VREF O +VrRer *VREF 


ANALOG INPUT (outs) 
Figure 6. A/D Converter (A-Law Encoder) Transfer 
Characteristic 7 


wre dt | to 
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0010 1 
0010 0 
0011 0 
0000 0 
0001 0 
01100 
01110 
0100 0 
1100 0 
11110 
11100 
1001 O 
"1000 0 
10110 
1010 0 
1010 1010 


— 
DIGITAL INPUTS 


Figure 7. D/A Converter (A-Law Decoder) Transfer 
Characteristic 


1-26 


ANALOG OUTPUT 
Output. Pin 13. The analog output is in the form of vol- 


~ tage steps (100% duty cycle) having amplitude equal 


to the analog sample which was encoded. This wave- 


. form is then filtered with an external low-pass filter with 


sinx/x correction to recreate the sampled voice signal. 


OPERATION OF CODEC WITH 64kHz XMIT/RCV. 
CLOCK FREQUENCIES 


XMIT/RCV SYNC must not be allowed to remain at a 
logic “1” state. XMIT SYNC is required to be at a logic 
“0” state for one master clock period (min.) before the 
next digital word is transmitted. RCV SYNC is required 
to be at a logic “0” state for 17 master clock periods 
(min.) before the next digital word is received (See 
Figures 12 and 13). 


OFFSET NULL 


The offset null feature of the MK5156 eliminates long- 
term drift errors and conversion errors due to tempera- 
ture changes by going through an offset adjustment cy- 
cle before every conversion, thus guaranteeing accurate 
A/D conversion for inputs near ground. There is no off- 
set adjust of the output amplifier because, since the out- 
put is intended to be AC-coupled to the external filter, 
the resultant DC error (Vorrset o) Will have no effect. 
The sign bit is not used to null the analog input. There- 
fore, for an analog input of 0 volts, the sign bit will be 
stable. 


PERFORMANCE EVALUATION 


The equipment connections shown in Figure 8 can be 
used to evaluate the performance of the MK5156. An 
analog signal provided by the HP3552A Transmission 
Test Set is connected to the Analog Input (Pin 1) of the 
MK5156. The Digital Output of the CODEC is tied back 
to the Digital Input and the Analog Output is fed through 
a low-pass filter to the HP3552A. Remaining pins of th 

MK5156 are connected as follows: 


(1) RCV SYNC is tied to XMIT SYNC - 
(2) XMIT CLOCK is tied to MASTER CLOCK. The sig- 
nal is inverted and tied to RCV CLOCK. : 


The following timing signals are required: 


(1) MASTER CLOCK = 1.536 MHz 
(2) XMIT SYNC repetition rate = 8 kHz 
(3) XMIT SYNC width = 8 XMIT CLOCK periods 


When all the above requirements are met, the setup 
of Figure 8 permits the measurement of synchronous 
system performance over a wide range of analog inputs. 


The data register and ideal decoder provide a means 
of checking the encoder portion of the MK5156 indepen- 
dently of the decoder section. To test the system in the 
asynchronous mode, MASTER CLOCK should be 


separated from XMIT CLOCK and MASTER CLOCK 
should be separated from RCV CLOCK. XMIT CLOCK 
and RCV CLOCK are separated also. 


1.020kHz 
SIGNAL 


SOURCE 


1.020 kHz 
Nout NOTCH 
FILTER 
HP3552A 


IDEAL 
DECODER 


DATA 
REGISTER 


& OO 
SYSTEM ENCODER 
4, ONLY 


FILTER 


Sout * Nout 


NOTE: The ideal decoder consists of a digital decompander and a 13-bit 
precision DAC. 


Figure 8. System Characteristics Test Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


DE SUDDIY VORAOG) Wars 4.0 0weseeed ba ree ears eddee epi aentda Oda e Cowie sa cewnrneeede pe eeees +6V 
DC Supoly Voltage, Ve ..cciivetiwes Cawtaweawed eaeunee seen eeceark Hoe eta au ag es Be —6V 
Ambient Operating Temperature, Th p<cccecsccconssnrgagatystrarVinawe serene pe dweg eres 0°C to 70°C 
Storage Temperature 0.0... cee cece eee tebe tenn eee nee ees —55°C to +125°C 
Package Dissipation at 25°C (Derated 9mW/°C when soldered into PCB).....................008- 500mW 
Die MIOUL 2 dager se dankdindiandae ake ennneses Sioetee here edeeiue ge redettneany se —0.5V <Viy = V+ 
ald: |(co M0)! i ee ee ee eee ee ee er ere ee V— <Vin = V+ 
+Vper bo An Hw ay he eh one va a ee: ee by @ Soa Sas @ Se ee & Gee Rak ew: eae Gk ee ecw ee w w -05V< +Vper <V+ 
NV iah pbawan Gatti se G84 whats aaa sde bene yieuanacte tay aseaekwureteurGncu- V—<—Vpep S$ +0.5V 


of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


ELECTRICAL OPERATING CHARACTERISTICS 
POWER SUPPLY 


[sw [panaweven «| wn[ ve | wax | ows | nores. 
[ve | ostive Sup otage Sas | co | cas |v | 
V- | Negative Supply vortage | 8.25 | ~80 | 475 | ov | 
‘vase [Pee Reference votage ——=«d~aare | 2s | amas |v | 1 
Negative Reference Voltage | -2605 | -25| -2375| vo | 41 | 


TEST CONDITIONS: V+ = 5.0V, V— = —5.0V, + Vper = 2.5V, -Vper = —2.5V, Ta = 0°C to 70°C 
DC CHARACTERISTICS 


sym jparamereR | | tv | max | uns | noTes: 
[Pinas | Analog Input Resistance During Sampling | | 2@ | | ko 

[Fans | Analog Input Resistance Non-Samping || 100 ||MO | 
[Cina | Analog input Capacitance || 150 | 250 |r |e 
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AC CHARACTERISTICS 


PARAMETER | MIN | TYP | MAX |UNITS| TEST CONDITIONS 
oe 0.0 Analog Input = +3 to —40 dBm0 


Gain Tracking 
Transmit 
CCITT G712 Method 2 


Analog Input = —40 to —50 dBm0 
Analog Input = —50 to —55 dBm0 
Relative to —10 dBm0 


Input Level = +3 to —40 dBm0 
Input Level = —40 to —50 dBm0 
Input Level = —50 to —55 dBm0 
Relative to —10 dBm0 


Analog Input = +3 to —40dBm0 
Analog Input = —40 to —50dBm0 
Analog Input = —50 to —55dBm0 
Relative to —10dBm0 


Gain Tracking 
Receive 

CCITT G712 Method 2 
Gain Tracking 
End to End 
CCITT G712 Method 2 


Analog Input = —3 dBm0 
Analog Input = —6 to —27 dBm0 
Signal to Distortion Analog Input = —34 dBm0 
Transmit Analog Input = —40 dBm0 
CCITT G712 Method 1 Analog Input = —55 dBm0 
Narrow Band Noise Input 


Input Level = —3 dBm0 
Input Level = —6 to —27 dBm0 
Input Level = —34 dBm0 
Input Level = —40 dBm0 
Input Level = —55 dBm0 
Narrow Band Noise Input 
Analog Input = 0 to —30 dBm0 
Analog Input = —40 dBm0 
Analog Input = —45 dBm0 


Signal to Distortion 
Receive | 
CCITT G712 Method 1 


Signal to Distortion 
Transmit 
CCITT G712 Method 2 


Input Level = 0 to —30 dBm0 
Signal to Distortion Input Level = —40 dBm0 
Receive Input Level = —45 dBm0O 


CCITT G712 Method 2 
Signal to Distortion 


Analog Input = 0 to —30dBm0 
End to End Analog Input = —40dBm0 
CCITT G712 Method 2 Analog Input = —45dm0 


B 
ere | [selene 
Transmit 
Receive 


Analog In = —50 dBm0 at 2600 Hz 
Crosstalk | fae) ee Digital Input = 0 dBm0 at 
Receive to Transmit 1008 Hz digital 
Analog In = 0 dBm0 at 1008 Hz 
CTypr | Crosstalk 
Transmit to Receive 


Digital Input = +0 Code 
Transmission Level Point 
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NOTES: 

1. -VReF and —Vp_r must be matched within +1% in order to meet system 
tequirements. 

2. Sampling is accomplished by charging an internal capacitor; therefore, the 
designer should avoid excessive source impedance. Input related device 
characteristics are derived using the Recommended Analog Input Circuit. 
See Figure 9. 

3. When a transition from a ‘1” to a “0” takes place, the user must sink the 
“4” current until reading the “0” level. 

4. Driving 30pF with low = —100 pA, Io —500 pA. 

5. Results in 30 mW typical power dissipation (clocks applied) under normal 
operating conditions. 

6. This delay is neccessary to avoid overlapping Clock and Sync. 

7. This first bit of data is loaded when Sync and Clock are both “1” during bit 
time 1 as shown on RCV timing diagram. 
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Figure 9. Recommended Analog Input Circuit 


TIMING SPECIFICATIONS (Refer to Figures 10 and 11) 
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Clock Rise, Fall Time (MASTER, XMIT, RCV) 25% of 
PWetk 
Sync Rise, Fall Time (XMIT, RCV) 25% of 
PWe.k 


Data Input Rise, Fall Time 25% of 
PWe.k 


‘tps _| Sync Pulse Period (XMIT, RCV) Me 


XMIT Clock-to-XMIT Sync Delay 50% of 
— 
‘tecen | XM Clock-to-XMIT Syne (Negative Edge) Delay | 200 Pf] wf 


sx [ut at fe | we fe fe 
17] tsrc RCV Sync-to-RCV Clock Delay 50% of 
— - 
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lie —oorreeewrrm fee [Pf fo 
Co ne 
ee te 


[ae] suew- | Analog OuputNegatve sow Rate | | + | | vs | 
[25 DROOP_| Analog Output Droop Rate fe | | os | 
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2.4Vir- ( 

1.4V 
XMIT SYNC 0.4vV 4 

= 5 5 - 
10 
11 
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CLOCK , : 
4 _ L 3 . 3 
15 16 


INITIAL DATA 
NOT VALID 


—> 
13 FE 
SS SS aN WN SIGN BIT CHORD BiT CHORD BIT CHORD BIT STEP BIT STEP BIT STEP BIT step alt 
SX THREE-STATE : Mee M SB OF (| 2ND LSB OF LSB OF MS 8 Ut 3RD LSB OF 2ND LSB OF cep 
neon ae CHORD CHORD CHORD STEP STEP STEP WN 
S 


PCM DATA PRESENT 


NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 


Figure 10. Transmitter Section Timing 


RCV SYNC 


22 ‘oad 


ANALOG OUTPUT 


NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 


Figure 11. Receiver Section Timing 
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XMIT SYNC 
>} 


fe 


STEP BIT 


SIGN BIT CHORD BIT CHORD BIT CHORD BIT STEP BIT 
MSB OF 2ND LSB OF LSB OF MSB OF 3RD LSB OF 2ND LSB OF 
STEP STEP STEP 


mee CHORD CHORD CHORD 


PCM DATA PRESENT 


STEP BIT 


NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 


Figure 12. 64kHz Operation, Transmitter Section Timing 
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CLOCK 
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(MIN) 


/ SIGN BIT 


THREE! mcp 
va (NEXT WORD) 


I 


RCV SYNC 


NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 


Figure 13. 64kHz Operation, Receiver Section Timing 
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Figure 14. MK5156 Single-Ended Signal To Distortion 
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Figure 15. MK5156 Single-Ended Gain Tracking 
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PACKAGE DESCRIPTION 
Cerdip Hermetic (J) 
16-Pin MK5156 


L. Ul i 


16 9 
: po | azo | wl 
c—> Pe [ow | -| 3 | 
oa Fe | oo | oo | | 
liad a [ae |e | 
noes 5 [09 [wee |e 
1. Lead finish to be specitied on the detail specifications. 
2. This dimension includes base-to-cap misalignment and glass runout, ex- fox | os | on | 5 
Pachage and fo be mosaured pe JE Pu [oe | oe] os | 
3. Package standoff to be measured per JEDEC requirements. .008 
4. Measured from centerline to centerline at lead tips. [om | 0s | oo| 6 | 


5. This dimension excludes leads 1, 8, 9 and 16. 


PACKAGE DESCRIPTION 
Plastic Dual-in-Line (N) 
16-Pin MK5156 


7 EQUAL SPACES 
AT .100+ .010 (TNA.) 


i a? Ge a a Se ee 
? 8 
a= | 


NOTES: 

1. Lead finish is to be specified on the detail specifications. 

2. Overall length includes .010 in. fiash on either end of the package. 
JEDEC requirements. 


5. When the solder lead finish is specified, the maximum fimit shall be m- 
creased by 003 in. 
6. This dimension excludes leads 1, 8, 9 and 16. 
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PCM MONOLITHIC FILTER 


The ETC5040/ETC5040A filter is a monolithic circuit containing both 
transmit and receive filters specifically designed for PCM CODEC 
filtering applications in 8 kHz sampled systems. 


The filter is manufactured using double-poly silicon gate CMOS 
technology. Switched capacitor integrators are used to simulate 
classical LC ladder filters which exhibit low component sensitivity. 


TRANSMIT FILTER STAGE 


The transmit filter is fifth order elliptic low pass filter in series 
with a fourth order Chebychev high pass filter. It provides a flat 
response in the passband and rejection of signals below 200 Hz 
and above 3.4 kHz. 


RECEIVE FILTER STAGE 


The receive filter is a fifth order elliptic low pass filter designed to 
reconstruct the voice signal from the decoded/demultiplexed signal 
which, as a result of the sampling process, is a stair-step signal 
having the inherent sin x/x frequency response. The receive filter 
approximates the function required to compensate for the degraded 
frequency response and restore the flat pass-band response. 


e Exceeds all D3/D4 and CCITT specifications 
e + 5V, —5V power supplies 
@ Low power consumption : 


45 mW (600 Q-0 dBm load) 
30 mW (power amps disabled) 


@ Power down mode : 0.5 mW 

e 20 dB gain adjust range 

e@ No external anti-aliasing components 

@ Sin x/x correction in receive filter 

e 50/60 Hz rejection in transmit filter 

e TTL and CMOS compatible logic 

e All inputs protected against static discharge due to handling 
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CMOS 


PCM 
MONOLITHIC FILTER 


J SUFFIX 
CERDIP PACKAGE 


PIN ASSIGNMENT 


Ref 00030 


ETC5040 e ETC5040A 
ee 


BLOCK DIAGRAM 


TRANSMIT FILTER 


HIGH PASS. LOW PASS POST 


PREFILTER FILTER FILTER FILTER 


POST LOW PASS 
FILTER FILTER 


PREFILTER 


RECEIVE FILTER 


PWRI VFRO Vcc VBB GNDD GNDA PDN 


FIGURE 1 
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PIN DESCRIPTION 


Pin 
vex | tf 1 The non-inverting input to the transmit filter stage 


fvFxi- { 1 | 2 | The inverting input to the transmit filter stage 
Gs, | Oo | 3 | The output used for gain adjustments of the transmit filter 


The low power receive filter output. This pin can directly drive 
the receive port of an electronic hybrid. 


PWRI Pot fb The input to the receive filter differential power amplifier. 
PWRO+ The non-inverting output of the receive filter power amplifier. 
This output can directly interface conventional transformer hybrids. 
PWRO— 7 
This output can be used with PWRO+ to differentially drive 
a transformer hybrid. 
Ves {| Ss | 8 | The negative power supply pin. Recommended input is —5 V. 
Ivco | 8 | 8 The positive power supply pin. The recommended input is 5 V. | 


VFRI Pot | aids | The input pin for the receive filter stage. 
}GNDD | GND | Digital ground input pin. All digital signals are referenced to this pin. 


CLK Master input clock. Input frequency can be selected as 2.048 MHz, 
1.544 MHz or 1.536 MHz. 


The input pin used to power down the ETC5040/ETC5040A during 
idle periods. Logic 1 (VCC) input voltage causes a power down 
condition. An internal pull-up is provided. 


The inverting output of the receive filter power amplifier. 


This input pin selects internal counters in accordance with the CLK 
input clock frequency : 


CLK Connect CLKO to: 
2048 kHz Vcc 
1544 kHz GNDD 
1536 kHz VBB 


An internal pull-up is provided. 


Analog ground input pin. All analog signals are referenced to 
this pin. Not internally connected to GNDD. 


VFxO | O | 16 — The output of the transmit filter stage. 
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MAXIMUM RATINGS 


Input voltage Vin 
Operating temperature range —25°C to +125 °C 


—65°C to + 150°C 


| I+ 
~ 


° 


w 
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i & | 
fa») 
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om 
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1/package 


300 


fe) 
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DC ELECTRICAL CHARACTERISTICS 

Tp = 0°C to +70°C, Vcc = 5.0V + 5%, Vag = — 5.0V + 5%, clock frequency is 2.048 MHz 
Typical parameters are specified at Ta = + 25°C, Vcc = 5.0V, Vgp = — 5.0 V (Unless otherwise specified) 
Digital interface voltages measured with respect to digital ground, GNDD. Analog voltages measured with 
respect to analog ground, GNDA. 


POWER DISSIPATION 


TS Characteristie ————SSSCS~*drC«S mbt Tn 
[Wee standby current (PON= VoD. power down mode) ————~+t_ieco | 
[Wee standby current (PON= Vpp, power down model ‘| _'s80_| 
Tce operating eurent (PWAI= VB, poweramp inactvel | tect | — 
= 
moe 


VBB operating current (PWRI = Vpp, power amp inactive) IBB1 
Vcc operating current (Note 1) Ice? 
Vp operating current (Note 1) 


DIGITAL INTERFACE 


 Rharacteratio ——~SCS~S~*~*~S*”iC mt |i | Te | Me | Ul 


Input current, PDN (0 V S Vin S Vcc-2 V) ; 
Input current, CLKO (Veg = VIN S Vcc—2 V) 


tINe | 

| lwo [| -10 | = | | vA 

input ow vonage CK PON SCSCSC~C“—~‘~rSCS CSS | 8 | 

22 

input low voltage, CKO SSCS™~*~“~*~*~*~*~*~*~*~*~*~S*SCS | Vs | ‘ts | 
Input intermediate voltage, CLKO | Vio | -08 | - | o8 | vi | 

input righ voltage, CLKO———SSCSC~—S~CSS Vc = OS] 


TRANSMIT INPUT AMP. OP. 
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AC ELECTRICAL CHARACTERISTICS 
TA = + 25° C. All parameters are specified for a signal level of O dBm0 at 1 kHz. The 0 dBm0 level is assu- 
med to be 1.54 Vrms measured at the output of the transmit or receive filter. (Unless otherwise specified). 


TRANSMIT FILTER (Note 2) 


. Characteristic 


Minimum load resistance 
=200 Ss Vege Tee V 
=—32V "V0 732 V 


Load capacitance, VF,O Cly | = | = | 100 | 
BCCI a NN a OP A RT 
[Vcc power supply rejection VExl (etkHz, VFyir=OVms) + psARI | 30 | — | — 
[ven en econ Wb enews [ae | a6 [f= a 


Absolute gain (f = 1 kHz) 


ETC5040A 
ETC5040 © 


Gain relative to GAx 


Below 50 Hz 

50 Hz 

60 Hz 

200 Hz ETC5040A 
ETC5040 

300 Hz to 3 kHz ETC5040A 
ETC5040 

3.3 kHz ETC5040A 
ETC5040 

3.4 kHz 

4.0 kHz 


4.6 kHz and above 


[Absolute dely ot 12S 80 
Co a A a RE 
[Single frequency distortion products ——=SC~=~“~*~*~‘“‘~*~dtC* | YC 


Distortion at maximum signal level ey | eee 
1.6 Vrms, 1kHz signal applied to VFyI+, gain = 20 dB, RL = 10 kQ 

[Total message noise at VO SSSC*dCNGT | ~| |_| Bre | 
Total C message noise at VF,O Pie 
Gain setting Op Amp at 20dB, non inverting, note 3, OC <T, <+ 70 3 


[Temperature coefficient of tkHzgsin —SSSS*d| GAT | _— [0.0008 | — | aoc 
Supply voltage coefficient of 1 kHz gain | GaAs | - | 0.01 | - | dBv_ | 


Crosstalk, receive to transmit 20 log VFxO_ CTRx 
—70 


Receive filter output = 2.2 Vrms,  VFRO 
GRyL 


VFyl+ = O Vrms, f= 0.2 kHz to 3.4 kHz, measure VFxO 
Gaintracking relative to GA, 
Output level = + 3 dBmO 
+ 2 dBmO to — 40 dBmO 
— 40 dBmO to — 55 dBmO 


0.1 
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AC ELECTRICAL CHARACTERISTICS (Continued) . 
Ta = + 25° C. All parameters are specified for a signal level of O dBm0 at 1 kHz. The 0 dBm0 level is assu- 
med to be 1.54 Vrms measured at the output of the transmit or receive filter. (Unless otherwise specified). 


RECEIVE FILTER (Unless otherwise noted, the receive filter is preceded by a sin x/x filter within an input 
signal level of 1.54 Vrms). oe 


Characteristic 


input feakage current VRI-S2VEVINES2V) sd 
Pinputresistance, VFRi RR | - | - | ma | 
[Outputresistance VFROC—“‘“‘S™S*™*;*C*C*d:SOROOR’:«*SG;:—C = CO] 1 | 38 | 
Load capacitance, VFRO | cir | - | - | 100 | pF | 
Load resistance, VFRO | | 10 | = | = | kQ | 


Power supply rejection of Vcc or Vag (VF RO 
‘VF Rl connected to GNDA, f = 1 kHz) 


Output DC offset, VF RO (VFR! connected to GNDA) 
Absolute gain (f = 1 kHz) 


ETC5040A 
ETC5040 


Gain relative to gain at 1 kHz below 300 Hz 
300 Hz to 3.0 kHz ETC5040A 
3.0 kHz ETC5040A 
3.4 kHz 

4.0 kHz 

4.6 kHz and above 
Absolute delay at 1 kHz 
Differential envelope delay 1 kHz to 2.6 kHz 
Single frequency distortion products ( f = 1 kHz ) 


Distortion at maximum signal level 
2.2 Vrms input to sin x/x filter, f= 1 kHz, RL = 10 kQ 


Total C-message noise at VFRO 


Temperature coefficient of 1 kHz gain | GArRT | - | 0.0004{ - | dB/°C | 
Supply voltage coefficient of 1 kHz gain | GArS | - | 0.01 | - | BV | 


Crosstalk, transmit to receive 20 log _VFRO CTxR 
(Transmit filter output = 2.2 Vrms,  VFxO 

-70 
GRRL 
0.1 
0.05 
0.1 


VF Rl =0 Vrms, f = 0.3 kHz to 3.4 kHz, measure VF RO) 


Gaintraking relative to GAR 
Output level = 3 dBm0 

+ 2 dBmO to — 40 dBmO 
— 40 dBm0 to 55 dBmO 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


RECEIVE OUTPUT POWER AMPLIFIER 


Input leakage current, PWRI (-3.2 VS Vin. S$ 3.2 V) 
Input resistance, PWRI 

Output resistance, PWRO+, PWRO — (amplifiers active ) 
Load capacitance, PWRO+, PWRO- 

Gain, PWRI to PWRO+ ( RL = 600 Q connected between ) 


Gain, PWRI to PWRO— 
PWRO + and PWRO -, input, level = 0 dBm0 (Note 4) 


Gaintraking relative to OdBmO output level 
V = 2.05 Vrms, Ry = 600 22 (Notes 4, 5) 
V = 1.75 Vrms, Ry = 300 &2 (Notes 4, 5) 
Signal/distortion 
V = 2.05 Vrms, Ry = 600 22 (Notes 4, 5) 
V = 1.75 Vrms, Ry = 300 2 (Notes 4, 5) 


Output DC offset, PWRO+, PWRO- ( PWRI connected to GNDA) vosPp | -50 | - | 50 | mv | 
Power supply rejection of Vcc or Vgp (PWRI connected to GNDA) PSRHS | 45 | - [ - | a 


Note 1. Maximum power consumption depend on the load impedance connected to the power amplifier. The specification listed 
assumes O dBm is delivered to 600 Q connected from PWRO+ PWRO 


Note 2. Transmit filter input op amp set to the non inverting unity gain mode, with VFyl+ = 1.1 Vrms, unless otherwise noted 


Note 3. The 0 dBm0O level for the filter is assumed to be 1.54 Vrms measured at the output of the XMT or RCV filter 


Note 4. The 0 dBm level for the power amplifiers is load dependent. For R,_ = — 600 {2 to GNDA, the 0 dBm0 level is 
1.43 Vrms measured at the amplifier output. For Ry = 300 2 the 0 dBm0 level is 1.22 Vrms. 


Note 5. VFRO connected to PWRI, input signal applied to VFRI 


TYPICAL PERFORMANCE CHARACTERISTICS 


TRANSMIT FILTER STAGE RECEIVE FILTER STAGE 


| TTT TTT, 
LT PUTT 


ee I $ 
cS zo] 
— PET PTT 3 
Q ra) 
.~ I Ws : 
& —40 MAN s 
=o LLU TT : 

-_ EE 

=70 

0.1 1 10 


FREQUENCY (kHz) FREQUENCY (kHz) 
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INTERFACE 
Circuit for CODEC 


‘gouepedu! UO!eUIWII} 7} OOY SSO19e WEP OL JO |aAa| 
jeuBis wnwixew e aplAoid ||IM ‘Sy 10181894 0 OOE PUL LVL’ L 0} JUa]eAINbA O1jes BuipuIM JaWIOjsUeI e Buisn juawabuede anieuiaye uy 
‘WAP Gg 40 [AaAq] JeUBis e 0} UOI}EUIWII} Y OF 1 OH OO & SALP |IIM suaipjdwe saMod 493)! BAI8D94 BUY ‘UMOYS UO!}eINB4UOD 34} U| : E OJON 
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FIGURE 2 


1-44 


ETC5040 « ETC5040A 


a __———— 


FUNCTIONAL DESCRIPTION 


The ETC 5040/ETC 5040A monolithic filter contains 
four main sections; Transmit Filter, Receive Filter, 
Receive Filter Power Amplifier, and Frequency 
Divider/Select Logic (figure 1). A brief description of the 
Circuit operation for each section is provided below. 


Transmit Filter 
The input stage of the transmit filter is a CMOS 
operational amplifier which provides an input resistance 


greater than 10 MQ, a voltage gain of greater than 
10.000, low power consumption (less than 3 mW), high 


Power supply rejection, and is capable of drivinga 10 kQ - 


load parallel with up to 25 pF. The inputs and output of 
the amplifier are accessible for added flexibility. Non- 
inverting mode, inverting mode, or differential amplifier 
mode operation can be implemented with external 
resistors. It can also be connected to providea gain of up 
to 20 dB without degrading the overall filter perfor- 
mance. 


The input stage is followed by a prefilter which is a two- 
pole RC active low pass filter designed to attenuate high 
frequency noise before the input signal enters the 
switched-capacitor high pass and low pass filters. 


A high pass filter is provided to reject 200 Hz or lower 
noise which may exist in the signal path. The low pass 
portion of the switched-capacitor filter provides 
stopband attenuation which exceeds the D3 and D4 
specifications as well as the CCITT G712 recom- 
mendations. 


The output of the transmit filter, the postfilter, is also a 
two-pole RC active low pass filter which attenuates 
clock frequency noise by at least 40 dB. The output of 
the transmit filter is capable of driving a+ 3.2 V peak to 
peak signal into a 10 kQ load in parallel with up to 25 pF. 


Receive filter 


The input stage of the receive filter is a prefilter which is 
similar to the transmit prefilter. The prefilter attenuates 
high frequency noise that may be present on the receive 
input signal. A switched capacitor low pass filter follows 
the prefilter to provide the necessary passband flatness, 
stopband rejection and sin x/x gain correction. A 
postfilter which is similar to the transmit postfilter 
follows the low pass stage. It attenuates clock frequency 
noise and provides a low output impedance capable of 
directly driving an electronic subscriber-line-interface 
Circuit. 


Receive filter power amplifiers 


Two power amplifiers are also provided to interface to 
transformer coupled line circuits. These two amplifiers 
are driven by the output of the receive postfilter through 
gain setting resistors, R3, R4 (figure 2). The power 
amplifiers can be deactivated, when not required, by 
connecting the power amplifier input (pin 5) to the 
negative power supply VpB. This reduces the total filter 
power consumption by approximately 10 mW-20 mW 
depending on output signal amplitude. 
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Power down control 


A power down mode is also provided. A logic 1 power 
down command applied on the PDN pin (pin 13) will 
reduce the total filter power consumption to less than 1 
mW and turn the power amplifier outputs into high 
impedance state. 


‘Frequency divider and select logic circuit 


This circuit divides the external clock frequency downto 
the switching frequency of the low pass switched 
Capacitor filters. The divider also contains a TTL-CMOS 
interface circuit which converts the external TTL clock 
level to the CMOS logic level required for the divider 
logic. This interface circuit can also be directly driven by 
CMOS logic. 


A frequency select circuit is provided to allow the filter to 
operate with 2.048 MHz, 1.544 MHz or 1.536 MHz 
clock frequen-cies. By connecting the frequency select 
pin CLKO (pin 14) to Vcc, a 2.048 MHz clock input 
frequency is selected. Digital ground selects 1.544 MHz 
and VBB selects 1.536 MHz. 


APPLICATIONS INFORMATION 


Gain adjust 


Figure 2 shows the signal path interconnections 
between the ETC5040/ETC5040A and single-channel 
CODEC. The transmit RC coupling components have 
been chosen both for minimum passband droop and to 
present the correct impedance to the CODEC during 
sampling. 


Optimum noise and distortion performance will be 
obtained from the ETC5040/ETC5040A filter when 
operated with system peak overload voltages of 2.5 V 
to + 3.2 V at VFxO and VFRO. When interfacing to a 
PCM CODEC with a peak overioad voltage outside this 
range, further gain or attenuation may be required. 


For example, the ETC5040/ETC5040A filter can be 
used with CODEC which has a 5.5 V peak overload 
voltage. A gain stage following the transmit filter output 
and an attenuation stage following the CODEC output 
are required. 


Board layout 


Care must be taken in PCB layout to minimize power 
supply and ground noise. Analog ground (GNDA) of 
each filter should be connected to digital ground 
(GNDD) at a single point, which should be bypassed to 
both power supplies. 


Further power supply decoupling adjacent to each filter 
and CODEC is recommended. Ground loops should be 
avoided, both between the GNDA traces of adjacent 
filters and CODECs. 


ETC5040 e ETC5040A 
ee 


J SUFFIX 
CERDIP PACKAGE 


0.220 - 0.310 
(5.588 - 7 874) 
i 


0.005 - 0.020 
{0 127-0 508) 
AAD TYP 
GLASS 
SEALANT 0.200 
, 22-0320 0.005 0.060 = 0.005 oral 
~~ 
| (7.366 - 8 128) ae (0127) (1524+ 0.127) 
sas H MIN 
0.008 - 0.012 
(0 203 - 0.305) 
| | 0.000 | 0.018+0.003 || 0.125-0.200 0.020-0.060 
\ (2.032) ee ee fe 
{ 0.310-0 410 lee _ | (0.487 + 0.076) (3.175 — 5.080) (0.508 - 1.524) 
(7 874 = 10 41) Bi beg 
ENOS | jm to 0.010 
(2.540 + 0.254) 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages 
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MONOLITHIC SERIAL INTERFACE CODEC/FILTER 


The ETC5057/ETC5054 family consists of A-law and prlaw monolithic 
PCM CODEC/filters utilizing the A/D and D/A conversion architecture 
shown in Figure 1, and a serial PCM interface. The devices are fabrica - 
ted using double-poly CMOS process. 


The encode portion of each device consists of an input gain adjust am- 
plifier, an active RC pre-filter which eliminates very high frequency 
noise prior to entering a switched-capacitor band-pass filter that re- 
jects signals below 200 Hz and above 3400 Hz. Also included are au- 
to-zero Circuitry anda companding coder which samples the filtered 
signal and encodes it in the companded A-law or p-law PCM format. 
The decode portion of each device consists of an expanding decoder, 
which reconstructs the analog signal from the companded A-law or 
pr law code, a low-pass filter which corrects for the sin x/x response of 
the decoder output and rejects signals above 3400 Hz and is followed 
by a single-ended power amplifier capable of driving low impedance 
loads. The devices require two 1.536 MHz, 1.544 MHz, or 2.048 MHz 
transmit and receive Master clocks, which may be asynchronous, 
transmit and receive bit clocks which may vary from 64 kHz to 
2.048 Mkz, and transmit and receive frame sync pulses. The timing of 
the frame sync pulses and PCM data is compatible with both indrustry 
standard formats. 

@ Complete CODEC and filtering system (COMBO) including: 

- Transmit high-pass and low-pass filtering 

- Receive low-pass filter with sin x/x correction 

- Active RC noise filters 

- A-law or p-law compatible COder and DECoder 

- Internal precision voltage reference 

- Serial |/O interface 

- Internal auto-zero circuitry 

A-law, 16-pins - ETC5057 

p-law without signaling, 16-pins - ETC5054 

Meets or exceeds all D3/D4 and CCITT specifications 

* 5V operation 

Low operating power - typically 60 mW 

Power-down standby - typically 3 mW 

TTL or CMOS compatible digital interfaces 


Maximizes line interface card circuit density 
Second source of TP3057, TP3054. 
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MONOLITHIC 
SERIAL INTERFACE 
CODEC/FILTER 


CASE J16A 


J SUFFIX 
CERDIP PACKAGE 


PIN ASSIGNMENT 


BCLKr/ CLKSEL 
MCLKr PDN 


on OO OW BRB WwW KH - 


Ref. 05045 


ETC 5057 @ ETC 5054 


FIGURE 1 - BLOCK DIAGRAM 


R2 
GSx 


RI 
RC 
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AUTO-ZERO 
LOGIC 


S/H 
DAC 


MCLKy MCLKp/ 
PON 


TIMING 


CONTROL 


CT 


BCLKx BCLKpr/ 
CLKSEL 


CLK 


AND 13 | 


Dx 


DR 


TSx 
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PIN DESCRIPTION 


FUNCTION DESCRIPTION 


Negative VeBp= — 5V + 5%. 


ower supply 


Receive filter 
output 


Positive power | Vcc= + 5V + 5%. 


supply 


Enables BCLKp to shift PCM data into Dr.FSp is an 8 kHz 
pulse train. See Figures 2,3 and 4 for timing details. 


Shift-in clock 


Shifts data into Dp after the FSp leading edge. May vary 
from 64 kHz to 2.048 MHz. Alternatively, may be a logic 
input which selects either 1.536 MHz/1.544 MHz or 
2.048 MHz for master clock in synchronous mode and 


‘FSS Receive frame 
sync pulse 
BCLKp/CLKSEL 
BCLKx is used for both transmit and receive directions 


7 

| (see Table 1). 
MCLKr/PDN Receive Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be 
master clock | asynchronous with MCLKx, but should be synchronous 
with MCLKx for best performance. When MCLKe is 
. connected continuously low, MCLK x is selected for all 
. internal timing. When MCLKe is connected continuously 

high, the device is powered down. 


~  MCLKx Transmit Must be 1.536 MHz, 1.544 MHz ro 2.048 MHz. May be 
master clock | asynchronous with MCLKe. 


Inverting Inverting input of the transmit input amplifier. 
amplifier input 
. VFxl + Non-inverting | Non-inverting input of the transmit input amplifier. 
amplifier input 


#1: Input, O : Output, S : Power supply 


® 
TRI-STATE = is a trademark of National Semiconductor Corp. 
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FUNCTIONAL DESCRIPTION 


POWER-UP 


When power is first applied, power-on reset circuitry 
initializes the COMBO and places it into the power- 
down mode. All non-essential circuits are deactivated 
and the Dx and VFRO outputs are put in high impedan- 
ce states. To power-up the device, a logical low level or 
clock must be applied to the MCLKr/PDN pin and FSx 
and/or FSpr pulses must be present. Thus, 2 power- 
down control modes are available. The first is to pull 
the MCLKr/PDN pin high ; the alternative is to hold 
both FSx and FSp inputs continuously low. The device 
will power-down approximately 2 ms after the last 
FSx or FSR pulse. Power-up will occur on the first FSx 
or FSR pulse. The TRI-STATE PCM data output, Dx, 
will remain in the high impedance state until the se- 
cond FS x pulse. 


SYNCHRONOUS OPERATION 


For synchronous operation, the same master clock 
and bit clock should be used for both the transmit and 
receive directions. In this mode, a clock must be ap- 
plied to MCLKx and the MCLKr/ PDN pin can be used 
as a power-down control. A low level on MCLKR/PDN 
powers up the device and a high level powers down 
the device. In either case, MCLKx will be selected as 
the master clock for both the transmit and receive cir- 
cuits. A bit clock must also be applied to BCLKx and 
the BCLKr/CLKSEL can be used to select the proper 
internal divider for a master clock of 1.536 MHz, 
1.544 MHz or 2.048 MHz. For 1.544 MHz operation, 
the device automatically compensates for the 193rd 
clock pulse each frame. 

With a fixed level on the BCLKR/CLKSEL pin, BCLKx 
will be selected as the bit clock for both the transmit 
and receive directions. Table 1 indicates the frequen- 
cies of operation which can be selected, depending on 
the state of BCLKrR/CLKSEL. In this synchronous mo- 
de, the bit clock, BCLKx, may be from 64 kHz to 2.048 
MHz, but must be synchronous with MCLKx. 


TABLE 1 - SELECTION OF MASTER CLOCK 
FREQUENCIES 


Master clock 
frequency selected 


ETC 5057 ETC 5054 


BCLKr/CLKSEL 


Clocked 2.048 MHz 


1.536 MHz or 
1.544 MHz 


2.048 MHz 


fe) 


1.536 MHz or 
1.544 MHz 


2.048 MHz 


1 (Or open circuit) 1.536 MHz or 


1.544 MHz 


Each FSx pulse begins the encoding cycie and the 
PCM data from the previous encode cycle is shifted 
out of the enabled Dx output on the positive edge of 
BCLK x. After 8 bit clock periods, the TRI-STATE Dx 
output is returned to a high impedance state. With an 
FSR pulse, PCM data is latched via the Dr input on the 
negative edge of BCLKx(or BCLKk if running). FSx and 
FSR must be synchronous with MCLKx/rR. 


ASYNCHRONOUS OPERATION 


For asynchronous operation, separate transmit and 
receive clocks may be applied. MCLKx and MCLKr 
must be 2.048 MHz for the ETC5057, or 1 5636 MHz, 
1.544 MHz for the ETC5054, and need not be syn- 
chronous. For best transmission performance, 
however, MCLKr should be synchronous with MCLKx, 
which is easily achieved by applying only static logic 
levels to the MCLKr/ PDN pin. This will automatically 
connect MCLKx to all internal MCLKr functions (see 
Pin Description). For 1.544 MHz operation, the device 
automatically compensates for the 193rd clock pulse 
each frame. FSx starts each encoding cycle and must 
be synchronous with MCLKx and BCLK x. FSR starts 
each decoding cycle and must be synchronous with 
BCLKr. BCLKr must be aclock, the logic levels shown 
in Table 1 are not valid in asynchronous mode. BCLKx 
and BCLKr may operate from 64 kHz to 2.048 MHz. 


SHORT FRAME SYNC OPERATION 


The COMBO can utilize either a short frame sync pulse 
or a long frame sync putse. Upon power initialization, 
the device assumes a short frame mode. In this mode, 
both frame sync pulses, FSx and FSr, must be one bit 
clock period long, with timing relationships specified 
in Figure. 3. With FSx high during a falling edge of 
BCLK x, the next rising edge of BCLKx enables the Dx 
TRI-STATE output buffer, which will output the sign 
bit. The following seven rising edges clock out the re- 
maining seven bits, and the next falling edge disables 
the Dx output. With FSR high during a falling edge of 
BCLKr (BCLKx in synchronous mode), the next falling 
edge of BCLKr latches in the sign bit. The following 
seven falling edges latch in the seven remaining bits. 
Both devices may utilize the short frame sync pulse in 
synchronous or asynchronous operating mode. 


LONG FRAME SYNC OPERATION 


To use the long frame mode, both the frame sync pul- 
ses, FSx and FSpr, must be three or more bit 
clock periods long, with timing relationships specified 
in Figure 4. Based on the transmit frame sync. FSx, the 
COMBO will sense whether short or long frame sync 
pulses are being used. For 64 kHz operation, the frame 
sync pulse must be kept low for a minimum of 160 ns 
(See Fig. 2). The Dx TRI-STATE output buffer is ena- 
bled with the rising edge of FSx or the rising edge of 
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BCLK x, whichever comes later, and the first bit cloc- 
ked out is the sign bit. The following seven BCLKx ri- 
sing edges clock out the remaining seven bits. The Dx 
output is disabled by the falling BCLK x, dge following 
the eighth rising edge, or by FSx going low, whichever 
comes later. A rising edge on the receive frame sync 
pulse, FSR, will cause the PCM data at Dr to be latched 
in on the next eight falling edges of BCLKr (BCLKx in 
synchronous mode). Both devices may utilize the long 
frame sync pulse in synchronous or asynchronous mo- 
de. 


TRANSMIT SECTION 


The transmit section input is an operational amplifier 
with. provision for gain adjustment using two external 
resistors, see Figure 5. The low noise and wide band- 
width allow gains in excess of 20 dB across the audio 
passband to be realized. The op amp drives a unity- 
gain filter consisting of RC active pre-filter, followed 
by an eighth order switched-capacitor bandpass filter 
clocked at 256 kHz. The output of this filter directly 
drives the encoder sample-and-hold circuit. The A/D 
is of companding type according to A-law (ETC5057) 
or plaw(ETC5054) coding conventions. A precision 
voltage reference is trimmed in manufacturing to pro- 
vide an input overload (tax) of nominally 2.5V peak 
(see table of Transmission Characteristics). The FSx 
frame sync pulse controls the sampling of the filter 


output, and then the successive-approximation enco- 
ding cycle begins. The 8-bit code is then loaded into a 
buffer and shifted out through Dx at the next FS x pul- 
se. The total encoding delay will be approximately 
165 p s (due to the transmit filter) plus 125 p s(dueto 
encoding delay), which totals 290 p s. Any offset vol- 
tage due to the filters or comparator is cancelled by 


~ sign bit integration. 


RECEIVE SECTION 


The receive section consists of an expanding DAC 
which drives a fifth order switched-capacitor low pass 
filter clocked at 256 kHz. The decoder is A-law 
(ETC5057) orp -law(ETC5054) and the 5th order low 
pass filter corrects for the sin x/x attenuation due to 
the 8 kHz sample and hold. The filter is then followed 
by a 2nd order RC active post-filter and power ampli- 
fier capable of driving a 6002 load to a level of 
7.2 dBm. The receive section is unity-gain. Upon the 
occurence of FSR, the data at the Dr input is clocked in 
on the falling edge of the next eight BCLKr (BCLKx) 
periods. At the end of the decoder time slot, the deco- 
ding cycle begins, and 10 ps later the decoder DAC 


. output is updated. The total decoder delay is ~10 ps 


(decoder update) plus 110 ps (filter delay) plus. 
62.5 ps (1/2 frame), which gives approximately 
180 ps. 


MAXIMUM RATINGS 


Vesa to GNDA 


Voltage at any analog input 
or output 


Voltage at any digital input Vcc +0.3 to Vv 
or output GNDA —0.3 

Operating temperature range —25 to +125 

Storage temperature range —65 to +150 


Lead temperature 300 
(soldering, 10 seconds) 


Vcc +0.3 to 
Ves —0.3 


"C 
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ELECTRICAL CHARACTERISTICS 
Vcc = B.0Ve= 5%, Veg =—5V+5%,GNDA=OV, Ta= O°C to 70°C (Unless otherwise noted) ; typical 
characteristics specified at Vcc = 5.0V, VaB =— 5.0V, TA= 25°C:all signals are referenced to GNDA. 


DIGITAL INTERFACE 


Characteristic 


Input low voltage 


- - B 


Input high voltage 


Output low voltage 
,=3.2mA Dx 
lL=3.2mA, open drain TSx* 


Output high voltage VOH 
IH=—-3.2MA Dx 2.4 


Input low current (GNDASVin<ViL. all digital inputs) Ne 


input high current _(VinSVinSVecl | [ow [10 | - 


< 
© 
fal 
o° 
ff 
< 


> 


<= 
> 


Output current in hight impedance state (TRI-STATE) 
(GNDASVo0S Vcc) © | 


Input leakage current (—2.5V< VS +2.5V) 
Input resistance (—2.5V< VX +2.5V) 
Output resistance (closed laop, unity gain) 
Load resistance . 


Load capacitance 


Toes capectence ——SSSSC=<“~“<~S~sCiR SYS TS «C00 | 
[Output 06 ofsetvokage von | -200 [| 200 | mv 


POWER DISSIPATION (ALL DEVICES) 
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TIMING SPECIFICATIONS 


Characteristic Symbol } Max Unit 

Frequency of master clocks 1/tepm MHz 

Depends on the device used and the 

BCLKr/CLKSEL Pin 

MCLKxand MCLKr 
Wigin oh meer see MCLKx and MCLKa ea ae 
Width of master clock low MCLKx and MCLKr = 
Rise time of master clock MCLKx and MCLKa | tam |_| 50 
Fall time of master clock MCLKx and MCLKr tEM a ns 
Period of bit clock tea 15.725 | ns 
Width of bit clock high (Vjy=2.2V) tWBH | 160 | Po ns 


core re ee Wack ie | 


= 
~ 


=! =) =| =| = = =) 
wn n wn ”n 72) wn n 2) 


Rise time of bit clock (tpg=488ns) 
Fall time of bit clock (tpg=488ns) 


Set-up time from BCLKx high to MCLK x falling edge. 
(First bit clock after the leading edge of FSx) 


Holding time from bit clock low to the frame sync 
(long frame only) 


tse | 80 | - 


Hold time from 3rd period of bit clock FSx or FSp tHBFI 100 
low to frame sync (long frame only) 


Set-up time from frame sync to bit clock low (long frame only) 


~ 
2) 
ow 
or | 
< 


Delay time to valid data from FSx or BCLKx, whichever comes 
later and delay time from FSx to data output disabled 


(CL=O pF to 150 pF) 


Delay time from BCLK x high to data valid tpBD ns 
(Load=150 pF plus 2 LSTTL loads) 

Delay time from BCLK x low to data output disabled tpzc | 50 | - | 165 | ns | 
Setvipstimestram/Op valldlto BELKA lon ce |e | = | 2 oe 
Hold time from BCLKr/x low to Dr invalid tHBD [50 | - | - | ns | 
Holding time from bit clock high to frame sync tHOLD ns 
(short frame only) 

Set-up time from FSx/R to BCLKx/R low tSF ns 
(short frame sync pulse) - Note 1 

Hold time from BCLKx/R low to FSx/R low tHE ns 
(short frame sync pulse) - Note 1 

Delay time to TSx low (load=150 pF plus2LSTTL toads) | txop | - | - | 140 
Minimum width of the frame sync pulse (low level) tWEL 160 ns 
(64k bit/s operating mode) 


Note 1: For short frame sync timing, FSx and FSR must go high while their respective bit clocks are high. 
FSx \ 


FIGURE 2 - 64 k bits/s TIMING DIAGRAM (See next page for complete timing) 
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TRANSMISSION CHARACTERISTICS 
(All devices) Ta =O°C to 70°C, Vcc = 5V + 5%, Veg =—-5V £+5%, GNDA = OV, f = 1.02 kHz, Vin =0dBmO 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) 


AMPLITUDE RESPONSE 


ee oe 


Absolute levels - Nominal 0 dBm0O level is 4 dBm (6002) 
O dBmO ETC 5057, ETC 5054 _ 1.2276 - Vrms 


Max overload level 
3.14 dBmO ETC 5057 
3.17 dBmO ETC 5054 


Transmit gain, absolute (Ta = 25°C, Vcc = 5V, Veg = —5V) 
Input at GSx = O dBm0O at 1020 Hz 


Transmit gain, relative to Gxa 
f = 16Hz 
f = 50Hz 
f= 60Hz 
f = 180Hz 
f = 200Hz 
f = 300Hz-3000 Hz 
f = 3300Hz 
f = 3400Hz 
f = 4000Hz ; 
f = 4600Hz and up,measure reponse from OHz to 4000Hz 


Absolute transmit gain variation with temperature 
(Ta = O°C to +80°C) 


Absolute transmit gain variation with supply voltage 
(Vcc = 5V + 5%, Veg = —5V + 5%) 


Transmit gain variations with level 
Sinusoidal test method reference level = —10dBm0O 
VFxI* = —40dBm0 to +3dBm0O 
VFxI* = —50dBm0 to —40dBm0 
VFxI* = —55dBm0 to —50dBm0 


Receive gain, absolute (Ta = 25°C, Vcc = 5V, Vag = —5V) 
Input = digital code sequence for OdBm0O signal at 1020Hz 


Receive gain, relative to Gra 
f = OHz to 3000 Hz 
f = 3300Hz 
f = 3400Hz 
f = 4000Hz 


Absolute receive gain variation with temperature 
(Ta = O°C to +80°C) 


Absolute receive gain variation with supply voltage 
(Vcc = 5V+ 5%, Veg = —5V* 5%) 


Receive gain variations with level 
Sinusoidal test method;reference input PCM code 
corresponds to an ideally encoded —10dBm0O signal 
PCM level = —40dBm0O to +3dBm0O 
PCM level = —50dBm0O to —40dBm0 
PCM level = —55dBm0O to —50dBm0O 


Receive output drive level (RL = 600Q) 
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TRANSMISSION CHARACTERISTICS 
(All devices) Ta = O°C to+70°C, Vcc = 5V + 5%, Vag =—-5V +5%, GNDA = OV, f = 1.02 kHz, Vin =O dBmO, 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) 


ENVELOPE DELAY DISTORTION WITH FREQUENCY 


}——__Shevecersne_|_symvel {win | typ Mex {tnt 


Transmit delay, absolute (f = 1600Hz) 


Transmit delay, relative to Dxa 

f = 500Hz-600Hz 

f = 600Hz-800Hz 

f = 800Hz-1000 Hz 
f = 1000Hz-1600Hz 
f = 1600Hz-2600Hz 
f = 2600Hz-2800Hz 
f = 2800Hz-3000Hz 


Receive delay, relative toDra 
f = 500Hz-1000Hz 
f = 1000Hz-1600Hz 
f = 1600Hz-2600Hz 
f = 2600Hz-2800Hz 
f = 2800Hz-3000Hz 


NOISE 


Transmit noise, P message weighted (ETC 5057, VFxIt = OV) ee | ae ee en 
(Note 1) 
Receive noise, P message weighted dBmOp 
(ETC 5057, PCM code equals positive zero) 


Transmit noise, C message weighted (ETC’5054, VFxI* = OV) See eee dBrnCO 


Receive noise, C message weighted ‘dBrnCO 
ETC 5054, PCM code equals alternating positive and 


negative zero | 


Noise, single frequency 
f = OkHz to 100kHz, loop around measurement, 
VFxI* = OVrms 


Positive power supply rejection, transmit 
VFxI* = OVrms, Vcc = 5.0Vpc+100mVrms,f = OkHz-50kHz 


Negative power supply rejection, transmit 
VFxI* = OVrmsVgB = —5.0Vpc+100MmVrms f = OkHz-50kHz 


Positive power supply rejection, receive 
(PCM code equals positive zero, Vcc = 5.OVpc+100mVrms ) 
f = OHz-4000Hz 
f = 4kHz-25kHz 
f = 25kHz-50kHz 


Negative power supply rejection, receive 
(PCM code equals positive zero, Vag = —5.0Vpc+100mVrms) 
f = OHz-4000Hz 
f = 4kHz-25kHz 

f = 25kHz-50kHz 
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TRANSMISSION CHARACTERISTICS (Continued) 
(All devices) Ta = O°C to+70°C, Vcc = 5V + 5%, Vag =—5V + 5%, GNDA = OV, f = 1.02 kHz, Vin = 0 dBmO, 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) 


——____Srevewwiese_| sympot | win | tye {tex | unt 


Spurious out-of-band signals at the channel output 
Loop around measurement, 0 dBm0O, 300Hz-3400Hz input 
applied to VFxI*, measure individual image signals at VFRO 
4600Hz-7600Hz 

7600Hz-8400Hz 

8400Hz-100,000Hz 


DISTORTION 


Signal to total distortion . (sinusoidal test method) 


Transmit or receive half-channel 
Level = 3.0dBm0O 
= OdBm0O to —30dBm0 
= —40dBm0 


= —55dBm0 


RCV 

Single frequency distortion, receive | stor | - | - | -46 | ap | 
intermodulation distortion 

two frequencies in the range 300Hz-3400Hz 
CROSSTALK 
Receive to transmit crosstalk, OdBm0O receive level CTr.x 

f = 300Hz-3400Hz, VFx! = OV . -70 

(Note 2) 
Note 1 : Theoretical worst-case for a perfectly zeroed encoder with alternating sign bit, due to the decoding law. 


Loop around measurement,VFx|* = —4dBm0 to —21dBm0O, 
Transmit to receive crosstalk, OdBmO transmit level CTx-R 

f = 300Hz-3400Hz, Dr = steady PCM code —75 
Note 2: CTr.x is measured with a —-40 dBm0 activating signal applied at VFxI*. 


ENCODING FORMAT AT Dx OUTPUT 


A-Law Daas 
(includes even bit inversion): # 


Vin(at GSx) = +Full-scale 
Vin(at GSx) = OV 
Vin(at GSx) = —Full-scale 
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APPLICATIONS INFORMATION 


POWER SUPPLIES 


While the pins ot the ETC5050 family are well protec- 
ted against electrical misuse, it is recommended that 
the standard CMOS practice be followed, ensuring 
that ground is connected to the device before any 
other connections are made. In applications where the 
printed circuit board may be plugged into a “hot” soc- 
ket with power and clocks already present, an extra 
long ground pin in the connector is useful. | 


All ground connections to each device should meet at 
acommon point as close as possible to the GNDA pin. 


T-PAD ATTENUATOR 


ant 
ae i 


N2 + 1 N 
av =zi( ye )-2\ 21.22 fs 


/ N 
R2 =2V2Z1.22 ( ae 


POWER IN 
Where: N=‘ POWER OUT 
and 
~\ 22 


Also: Z= V 2sc.Zoc 
Where Zsc = impedance with short circuit termination 


and Zoc = impedance with open circuit termination 


7T - PAD ATTENUATOR 


a ae 


This minimizes the interaction of ground return cur- 
rents flowing through a common bus impedance. 
0.1 F supply decoupling capacitors should be con- 
nected from this common ground point to Vcc and 
VBB. 


For best performance, the ground point of beach /FIL- 
TER on acard should be connected to a common card 
This common ground point should be decoupled to 
Vcc and Vgpg with 10 pF capacitors. 


RECEIVE GAIN ADJUSTMENT 


For applications where a ETC5050 famiiy CODEC/fil- 
ter receive output must drive a 600 22 load, but a peak 
swing lower then + 2.5V is required, the receive gain 
can be easily adjusted by inserting a matched T- pad or 
7t-pad at the output. Table Il lists the required resistor 
values for 600Q terminations. As these are generally 
non-standard values, the equations can be used to 
compute the attenuation of the closest pratical set of 
resistors. It may be necessary to use unequal values 
for the R1 or R4 arms of the attenuators to achieve a 
precise attenuation. Generally it is tolerable to allow a 
small deviation of the input impedance from nominal 
while still maintaining a good return loss. For example 
a 30 cB return loss against 6002 is obtained if the 
output impedance of the attenuator is in the range 
2829 to 3192 (assuming a perfect transformer). 


TABLE !!|. ATTENUATOR TABLES FOR 


Z1 = Z2 = 300 9 (ALL VALUES IN Q ) 
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FIGURE 5 - TYPICAL SYNCHRONOUS APPLICATION 


— 5V from SLIC 
O.1pF 
CR2) 
\ / Ole F ; 
5V : ANALOG 
ETC5057 INTERFACE 
to SLIC ETC5054 
Dx 
Dr DIGITAL 
INTERFACE 
5V or GNDA BCLKe/CLKSEL 
PON MCLKr/PDN pas BCLKx (2.048 MHz / 1.544 MHz) 
R1+R2 
Note 1: XMIT gain = 20 X tog a (R1 + R2)>10kQ 
CASE J16A 
i JSUFFIX. 
7 CERDIP PACKAGE 
0.785 
(19.939) 
MAX 
0.025 <a 
0.635 t 
RAD 0.220 — 0.310 
(5.588 — 7.874) 
0.180 __& 
(4.572) 0.005 — 0.020 
MAX GLASS 0.200 (0.127 — 0.508) 
| 0.290 — 0.320 |! | aa 0.060 + 0.005 , (5.080) RAD TYP 
ee Ue | 


—_— 
(7.366 — 8.128) 


— MAX 


(1.524 £0.127) 


(0.127) 0.150 
MIN (3.810) 
MIN 
0.008—0.012 
(0.203—0.305) 
10° MAX 
oie 0.310-0.410 | 0.080 0.018 +G.003 —| me 
(7.874 — 10.41) (2.032) (0.457 + 0.076) 
MAX 0.125 — 0.200 0.020 — 0.060. 
BOTH 0.100 + 0.010 (3.175 — 5.080) (0.508 — 1.524) 
sl a (2.540 + 0.254) 


PHYSICAL DIMENSIONS 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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MONOLITHIC SERIAL INTERFACE CODEC/FILTER 
WITH RECEIVE POWER AMPLIFIER 


The ETC5064 (u-law) and ETC5067 (A-law) are monolithic PCM CODEC/FIL- 
TERS utilizing the A/D and D/A conversion architecture shown in Figure 1, 
and a serial PCM interface. The devices are fabricated using National’s advan- 
ced double-poly CMOS process (microCMOS). 


Similar to the ETC5050 family, these devices feature an additional Receive Power 
Amplifier to provide push-pull balanced output drive capacity. The receive gain 
can be adjusted by means of two external resistors for an output level of up 
to +6.6 V across a balanced 600 2 load. 


Also included is an Analog Loopback switch and TSy output. 


® Complete CODEC and filtering system including : 
— Transmit high-pass and low-pass filtering. 
— Receive low-pass filter with sin x/x correction. 
— Active RC noise filters. 
— p-law or A-law compatible COder and DECoder. 
— Internal precision voltage reference. 
— Serial 1/O interface. 
— Internal auto-zero circuitry. 
— Receive push-pull power amplifiers. 
© p-law ETC5064 . 
e A-law ETC5067 
© Meets or exceeds all D3/D4 and CCITT specifications. 
@ +5 V operation. 
© Low operating power - typically 70 mW 
© Power-down standby mode - typically 3 mW 
e Automatic power-down. 
e TTL or CMOS compatible digital interfaces. 
© Maximizes line interface card circuit density. 
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CMOS 


MONOLITHIC 
SERIAL INTERFACE 
CODEC/FILTER WITH 
RECEIVE POWER AMPLIFIER 


CASE J20A 


20 Lead Cavity 
J SUFFIX 
CERDIP PACKAGE 


PIN ASSIGNMENT 


BCLKpr/CLKSEL] }9 
MCLKpr/PON[] 10 11] ] MCLKx 


p.4 MAAC 


ETC5067 « ETC5064 


Analog in 


VFxI~ 


aaa 
R1 


VW, 
VFxI* 


veo t+ 


VPO 


FIGURE 1 - BLOCK DIAGRAM 


R2 ANALOG 
a LOOPBACK 
N6, 


-}- ———{}--— rf 
AY 


SWITCHED 
CAPACITOR 
BAND-PASS 
FILTER 


RC 


ACTIVE 
FILTER 


< 


IA 


ie eee ee 


VOLTAGE C vi a 
y, REFERENCE OGIC 
COMPARATOR OE | 

7 | 
| 

| | 

VFRO seonetie SWITCHED ey 
CAPACITOR . 

5] FILTER LOW-PASS DAC CSW Reg [#12 

| FILTER | | 

| CLK | 

| | 

| | 

| ETC5067 | 

| TIMING 

| AND ns 

| ETC5064 eae | 

l | 

l | 

l | 

l | 

| +5V-5V | 
| 

L ea —---——-—-—- -—--— — —f\} (+ — +12} 2} — ie} — 4 


Vcc Veep GNDA 


MCLKx BCLKx MCLKp/BCLKR/ FSR FSx 
PDN CLKSEL 


Dx 


DR 


ETCS5067 * ETC5064 


PIN DESCRIPTION 


PIN 
TYPE DESCRIPTION 


| vpot— fl Tt The non-inverted output of the receive power amplifier. 


| = GNDA =| ~GND | 2 Analog ground. All signals are referenced to this pin. 
i ee The inverted output of the receive power amplifier. 


VPI Inverting input to the receive power amplifier. Also powers down both amplifiers when 
connected to Vag 


VFRO a ee Analog output of the receive filter. 


Veco a a a Positive power supply pin. Vcc = +5 V +5%. 


7 Receive frame sync pulse which enables BCLKp to shift PCM data into Dr. FSR is an 
8 kHz pulse train. 
See Figures 2 and 3 for timing details. 


| DR Sstsé‘L:=CisisdLSsfs 8] Receive data input. PCM data is shifted into Dp following the FSR leading edge. 


BCLKp/CLKSEL The bit res which shifts data into Dp after the FSp leading edge. May vary from 64 kHz 
to 2.048 MHz. 
pe mooi may be a logic input which selects either 1.536 MHz/1.544 MHz or 2. 048 
MHz for master clock in synchronous mode and BCLKy is used for both transmit and receive 
directions (see Table |). 
MCLKpr/PDON Receive master clock. Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be synchronous 
with MCLKy, but should be synchronous with MCLK x for best performance. When MCLKRr 
is connected continuously low, MCLKy is selected for all internal timing. When 
MCLKrp is connected continuously high, the device is powered down. 
~ MCLKx Transmit master clock. Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. 
May be asynchronous with MCLKa 
BCLKx The bit clock which shifts out the PCM data on Dy. May vary from 64 kHz to 2.048 MHz, 
but must be synchronous with MCLK x 


| Dx ~=—siéiL«Ci(‘i S13 The TRI-STATE® PCM data output which is enabled by FSx 
Transmit frame sync pulse input which enables BCLKy to shift out the PCM data on Dy. 
FSy is an 8 kHz pulse train, see Figures 2 and 3 for timing details. 
TSx Open drain output which pulses low during the encoder time siot. Must 
to be grounded if not used 


Analog Loopback control input. Must be set to logic ‘O' for normal operation. When pulled 
to logic ‘1’, the transmit filter input is disconnected form the output of the transmit 
preamplifier and connected to the VPO * —_ of the receive power a 


68x | 0] 17 | Analog output ofthe tranamit input amplifier. Used to externaly set gain. 
Po vexi 8 _ Inverting input of the transmit input amplifier. 

ae ee Non-inverting input of the transmit input amplifier. 

| Vea. té‘iLC(‘S;s 20 | Negative power supply pin. Vag = -5 V +5%. 


* 1: Input, O : Output, S : Power supply. 
TRISTATE is a trademark of National Semiconductor Corp. 
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FUNCTIONAL DESCRIPTION 


POWER-UP 


When power is first applied, power-on reset circuitry 
initializes the COMBO and places it into the power- 
down mode. All non-essential circuits are deactivated 
and the Dx and VFRO outputs are put in high impedan- 
ce states. To power-up the device, a logical low level or 
clock must be applied to the MCLKr/PDN pin and FSx 
and/or FSR pulses must be present. Thus, 2 power- 
down control modes are available. The first is to pull 
the MCLKR/PDN pin high ; the alternative is to hold 
both FSx and FSp inputs continuously low. The device 
will power-down approximately 2 ms after the last 
FSx or FSR pulse. Power-up will occur on the first FSx 
or FSR pulse. The TRI-STATE PCM data output, Dx, 
will remain in the high impedance state until the se- 
cond FS x pulse. 


SYNCHRONOUS OPERATION 


For synchronous operation, the same master clock 
and bit clock should be used for both the transmit and 
receive directions. In this mode, a clock must be ap- 
plied to MCLKx and the MCLKpr/ PDN pin can be used 
as a power-down control. A low level on MCLKp/PDN 
powers up the device and a high level powers down 
the device. In either case, MCLKy will be selected as 
the master clock for both the transmit and receive cir- 
Cuits. A bit clock must also be applied to BCLKx and 
the BCLKR/CLKSEL can be used to select the proper 
internal divider for a master clock of 1.536 MHz, 
1.544 MHz or 2.048 MHz. For 1.544 MHz operation, 
the device automatically compensates for the 193rd 
clock pulse each frame. 

With a fixed level on the BCLKR/CLKSEL pin, BCLKx 
will be selected as the bit clock for both the transmit 
and receive directions. Table 1 indicates the frequen- 
cies of operation which can be selected, depending on 


the state of BCLKR/CLKSEL. In this synchronous mo-. 


de, the bit clock, BCLKx, may be from 64 kHz to 2.048 
MHz, but must be synchronous with MCLKx. 


TABLE 1 - SELECTION OF MASTER CLOCK 
FREQUENCIES 


Master clock 
frequency selected 


ETCS067 ETCS064 


BCLKR/CLKSEL 


Clocked 2.048 MHz 1.536 MHz or 


1.544 MHz 
2.048 MHz 


O 1.536 MHz or 
1.544 MHz 


2.048 MHz 


1 (Or open circuit) 1.536 MHz or 


1.544 MHz 
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Each FSx pulse begins the encoding cycle and the 
PCM data from the previous encode cycle is shifted 
out of the enabled Dx output on the positive edge of 
BCLKx. After 8 bit clock periods, the TRI-STATE Dx 
Output is returned to a high impedance state. With an 
FSrR pulse, PCM data is latched via the Dr input on the 
negative edge of BCLKx(or BCLKg if running). FSx and 
FSR must be synchronous with MCLKx/r. 


ASYNCHRONOUS OPERATION 


For asynchronous operation, separate transmit and 
receive clocks may be applied. MCLKx and MCLKr 
must be 2.048 MHz for the ETC5067 , or 1.536 MHz, 
1.544 MHz for the ETC5064 , and need not be syn- 
chronous. For best transmission performance, 
however, MCLKr should be synchronous with MCLKx, 
which is easily achieved by applying only static logic 
levels to the MCLKp/ PDN pin. This will automatically 
connect MCLK;x to all internal MCLKr functions (see 
Pin Description). For 1.544 MHz operation, the device 
automatically compensates for the 193rd clock pulse 
each frame. FSx starts each encoding cycle and must 
be synchronous with MCLKx and BCLK x. FSp starts 
each decoding cycle and must be synchronous with 
BCLKr. BCLKR must be a clock, the logic levels shown 
in Table 1 are not valid in asynchronous mode. BCLKx 
and BCLKr may operate from 64 kHz to 2.048 MHz. 


SHORT FRAME SYNC OPERATION 


The COMBO can utilize either a short frame sync pulse 
or a long frame sync pulse. Upon power initialization, 
the device assumes a short frame mode. In this mode, 
both frame sync pulses, FSx and FSr, must be one bit 
clock period long, with timing relationships specified 
in Figure 3. With FSx high during a falling edge of 
BCLKx, the next rising edge of BCLKx enables the Dx 
TRI-STATE output buffer, which will output the sign 
bit. The following seven rising edges clock out the re- 
maining seven bits, and the next falling edge disables 
the Dx output. With FSR high during a falling edge of 
BCLKr (BCLK x in synchronous mode), the next falling 
edge of BCLKr latches in the sign bit. The following 
seven falling edges latch in the seven remaining bits. 
Both devices may utilize the short frame sync pulse in 
synchronous or asynchronous operating mode. 


LONG FRAME SYNC OPERATION 


To use the long frame mode, both the frame sync pul- 
ses, FSx and -FSrR, must be three or more bit 
clock periods long, with timing relationships specified 
in Figure 4. Based on the transmit frame sync. FSx, the 
COMBO will sense whether short or long frame sync 
pulses are being used. For 64 kHz operation, the frame 
sync pulse must be kept low for a minimum of 160 ns 
(See Fig. 2). The Dx TRI-STATE output buffer is ena- 
bled with the rising edge of FSx or the rising edge of 
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BCLKx, whichever comes later, and the first bit cloc- 
ked out is the sign bit. The following seven BCLKx ri- 
sing edges clock out the remaining seven bits. The Dx 
output is disabled by the falling BCLKx edge following 
the eighth rising edge,.or by FSx going low, whichever 
comes later. A rising edge on the receive frame sync 
pulse, FSr, will cause the PCM data at Dr to be latched 
in on the next eight falling edges of BCLKR (BCLK x in 
synchronous mode). Both devices may utilize the long 
frame sync pulse in synchronous or asynchronous mo- 
de. 


TRANSMIT SECTION 


The transmit section input is an operational amplifier 
with provision for gain adjustment using two external 
resistors, see Figure 5. The low noise and wide band- 
width allow gains in excess of 20 dB across the audio 
passband to be realized. The op amp drives a unity- 
gain filter consisting of RC active pre-filter, followed 
by an eighth order switched-capacitor bandpass filter 
clocked at 256 kHz. The output of this filter directly 
drives the encoder. sample-and-hold circuit. The A/D 
is of companding type according to A-law ( ETC5067 ) 
or plaw( ETC5064 ) coding conventions. A precision 
voltage reference is trimmed in manufacturing to pro- 
vide an input overload (tax) of nominally 2.5V peak 
(see table of Transmission Characteristics). The FSx 
frame sync pulse controls the sampling of the filter 


output, and then the successive-approximation enco- 
ding cycle begins. The 8-bit code is then loaded into a 
buffer and shifted out through Dx at the next FS x pul- 
se. The total encoding delay will be approximately 
165 s (due to the transmit filter) plus 125 » s(dueto 
encoding delay), which totals 290 p s. Any offset vol- 
tage due to the filters or comparator is cancelled by 
sign bit integration. 


RECEIVE SECTION 


The receive section consists of an expanding DAC 
which drives a fifth order switched-capacitor low pass 
filter clocked at 256 kHz. The decoder is A-law 
( ETC5067 ) orp -law( ETC5064 ) and the 5th order low 
pass filter corrects for the sin x/x attenuation due to 
the 8 kHz sample and hold. The filter is then followed 
by a 2nd order RC active post-filter and power ampli- 
fier capable of driving a 60022 load to a level of 
7.2 dBm. The receive section is unity-gain. Upon the. 
occurence of FSr, the data at the Dr input is clocked in 
on the falling edge of the next eight BCLKR (BCLK x) 
periods. At the end of the decoder time slot, the deco- 
ding cycle begins, and 10 p s later the decoder DAC 
output is updated. The total decoder delay is~10 yp s 
(decoder update) plus 110 ps (filter delay) plus 
62.5 ps (1/2 frame), which gives approximately 
180 ys. 


RECEIVE POWER AMPLIFIERS 


Two inverting mode power amplifiers are provided for directly 
driving a matched line interface transformer. The gain of the 
first power amplifier can be adjusted to boost the +2.5 V 
peak output signal from the receive filter up +3.3 V peak 
into an unbalanced 300 22 load, or + 4.0 V into an unba- 
lanced 15 kQ load. The second power amplifier is inter- 
nally connected in unity-gain inverting mode to give 6 dB 
of signal gain for balanced loads. 

Maximum power transfer to a 600 2 subscriber line termination 
is obtained by differentially driving a balanced transformer 
with a V2:1 turns ratio, as shown in Figure 2. A total peak 
power of 15.6 dBm can be delivered to the load plus 
termination. . 

Both power amplifiers can be powered down independently 


from the PDN input by connecting the VPI input to Veg, 
saving approximately 12 mW of power. 


ABSOLUTE MAXIMUM RATINGS 


Vcc to GNDA 7 


Voltage at any analog input Vin. VOUT 
or output 


Voltage at any digital input 
or output 


Vcc +0.3 to 


Vv 
VepB —0.3 
Vcc +0.3 to Vv 
GNDA —0.3 


Operating temperature range —25 to +125 
Storage temperature range —65 to +150 


Lead temperature 
(soldering, 10 seconds) 
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ELECTRICAL CHARACTERISTICS 
Vec = 5.0VE5%, Vgg =-5V+5%,GNDA=OV, Ta=O0°C to 70°C (Unless otherwise noted) ; typical 
characteristics specified at Vcc = 5.0V, Vag =— 5.0V, Ta = 25°C;all signals are referenced to GNDA. 


DIGITAL INTERFACE 
Characteristic | Symbol_| Min | typ | Max | unit | 
inputiowvoltage CT | | CT | 


Input high voltage Pov [22 | - | - | iv | 
Output low voltage 
IL=3.2mA Dx 0.4 
IL=3.2mA, open drain 0.4 
Output high voltage VOH Vv 
IH=—-3.2mA Dx 


input iow current (GNDASVnSVi. alldigital inputs [| n—s| ~10 | — | 10 | yA _| 
Linputhigh current (VinSVin<vec) | tw | 10 | | 10 | pa _| 


Output current in hight impedance state (TRI-STATE) pA 
(GNDAS Vo Vec) Dx 


ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES) 


[Input leakage current (-2.8VSVS+2.5V) VFxitorVFxi"| XA | -200[ - | 200 | nA __ 
[Input resistance (-2.5VSVS+2.8V)___VFxit or Vex | AXA | 10 | - | - | MQ_| 
[Output resistance (closed loop, unity gain) =| «SROXA | - | 1 | 3 | Q | 
[load resistance Sx] KA | 10 | - =| - «| OK 
[load capacitance Sx] XA | - | CL «sO |S 
Output dynamic range (RL 210k!)) GSx | VoxA fe 28] - | - [| v | 
[Voltagegain (VFxi*toGSx) | AVKA | SOD] ~—«| Ss —i|sSV 
[Unity gain banawith | XA | ot | 2 | | OM 
Offservoltage | «Vsxa | -20 | - | 20 | mv | 
[common-mode votege ———~—~S™S~S Vex | 2 || | 
[Common-mode rejection ratio «| CMRAXA 60 | - | — | 8 | 
[Power supply rejection ratio | SPSRRXA | 80 | - | - | B | 


ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES) 


JOurputresistance no one [ - [ot | 3 | a 
[load resistance VFnO= t25vi Tune =| 10 | | | OK 
toad capacitance Tce S| OT OC OL) 
[Output DC offset voltage | (vOSRO | 200] - | 200 | MV _ 


ANALOG INTERFACE WITH POWER AMPLIFIERS (All devices) 
input aiage curent (10 VeVPleoW a ee ee 
Input eninance (= 10VevPIgt.OV)——SSSCSCS—~sSm Yt 
input oer volage SS SSCSC~S OS a 
[Supt resistance (ivering univgain at VPO™ er VPO™)———~«|_ ror] = | tt ~~] a 
[“Unity-gtn bandwicth, open oop VPO™)——SSSC~*dSCiR Ye 


Load capacitance (VPO* or VPO~ to GNDA) 
R_ > 1500 2 

R, = 600 9] 
Rt = 300 2 


Gain VPO™ to VPO* to GNDA, level at VPO™ =1.77Vrmse3demo)| GApt | | -1 | — | wv 


Power supply rejection of Vcc or Vag (VPO~ connected to VPI) 
0 kHz - 4 kHz 
O kHz - 50 kHz 


POWER DISSIPATION (ALL DEVICES) 
Power-down current 
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TIMING SPECIFICATIONS 


Characteristic 


Frequency of master clocks 
Depends on the device used and the 
BCLKpr/CLKSEL Pin 

MCLKxand MCLKr 


Width of maser cockigh—~—CULana cia | tw | 160] - | - | vo 
width of master cocklow MLK ana mecixe | twa | 160| - | - | no 
Rise ime of mester clock MGLKxana mci | tam | - | - | 50 | ns | 


Width of bit clock low (Vj_=0.6V) tWBL 
Rise time of bit clock (tpp=488ns) 


=} 
wn 


Fall time of bit clock (tpg=488ns) 


Set-up time from BCLKx high to MCLKx falling edge. 
(First bit clock after the leading edge of FSx) 


-- 
nN 


n 


Holding time from bit clock low to the frame sync tHBF 
(long frame only) 


—_ 

(e2) 

on 
EE; 

7) n 


Set-up time from frame sync to bit clock low (long frame only) 


Hold time from 3rd period of bit clock FSx or FSp tHBFI 
low to frame sync (long frame only) 


Delay time to valid data from FSx or BCLKx, whichever comes 
later and delay time from FSx to data output disabled 
(CL=0 pF to 150 pF) 


Delay time from BCLKx high to data valid 
(Load=150 pF plus 2 LSTTL loads) 


=| =] 
n n 


Delay time from BCLKx low to data output disabled 


Set-up time from Dp valid to BCLKR/x low | tspn 


Hold time from BCLKr,/x low to Dr invalid 


Holding time from bit clock high to frame sync tHOLD 
(short frame only) 


=) 
n 


3 
a) 


Set-up time from FSx/r to BCLKx/r low tsSF 
(short frame sync pulse) - Note 1 


Hold time from BCLKx pr low to FSx/R low 
(short frame sync pulse) - Note 1 


Delay time to TSx low (load=150 pF plus 2 LSTTL loads) 
Minimum width of the frame sync pulse (low level) tWEL 
(64k bit/s operating mode) 


BCLKx 8 i 2 3 ‘ fo \V Sv 


>] 
wn 


| 
wn 


FIGURE 2 - 64 k bits/s TIMING DIAGRAM (See next page for complete timing) 
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TRANSMISSION CHARACTERISTICS 
(All devices) Ta =O'C to 70°C. Veco = 5V + 5%, Veg =—-5V +5%, GNDA = OV, f = 1.02 kHz, Vin =O dBmO 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) 


AMPLITUDE RESPONSE 


Characteristic 


Absolute levels - Nominal 0 dBm0 level 1s 4 dBm (60022) 
O dBmO ETC5067, ETC5064 


Max overload level 
3.14 dBmO 
3.17 dBmO 


Transmit gain, absolute (Ta = 25°C, Vcc = 5V, Veg = —5V) 
Input at GSx = O dBm0O at 1020 Hz 


Transmit gain, relative to Gxa 


f = 16Hz 
f = 50Hz 
f = 60Hz 
f = 180Hz 
= 200Hz 
f = 300Hz-3000 Hz 
f = 3300Hz 
f = 3400Hz 
f= 4000Hz 


f = 4600Hz and up,measure reponse from OHz to 4000Hz 


Absolute transmit gain variation with temperature 
(Ta =0°C to + 70°C) 


Absolute transmit gain variation with supply voltage 
(Vcc = 5V + 5°, Vag = —5V * 5%) 


Transmit gain variations with level 
Sinusoidal test method reference level = —10dBm0 
VFxI* = —40dBm0O to +3dBm0O 
VFxI* = —50dBm0 to —40dBm0 

VFxI* = —55dBm0 to —50dBmO 


Receive gain, absolute (Ta = 25°C, Vcc = 5V, Veg = —5V) 
Input = digital code sequence for OdBmO signal at 1020Hz 


Receive gain, relative to Gra 
f = OHz to 3000 Hz 

f= 3300Hz 

f = 3400Hz 

f = 4000Hz 


Absolute receive gain variation with temperature 
(Ta = O'C to +70°C) 


Absolute receive gain variation with supply voltage 
(Vcc = 5V* 5%, Vag = —5V= 5%) 


Receive gain variations with level 
Sinusoidal test method;reference input PCM code 
corresponds to an ideally encoded —10dBm0O'signal 
PCM level = —40dBm0O to +3dBm0O 

PCM level = —50dBm0O to —40dBm0 

PCM level = —55dBm0O to —50dBm0O 


Receive filter output at VFRO Ryu =10 kQ VRO 


fi 
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TRANSMISSION CHARACTERISTICS 
(All devices) Ta = O0°C to+70°C, Vcc =5V t 5%, VeB =—-5V + 5%, GNDA = OV, f = 1.02 kHz, Vin = OdBmo, 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) 


ENVELOPE DELAY DISTORTION WITH FREQUENCY 


Characteristic 


Transmit delay, absolute (f = 1600Hz) 


Transmit delay, relative to Dxa 

f = 500Hz-600Hz 

f = 600Hz-800Hz 

f = 800Hz-1000 Hz 
f = 1000Hz-1600Hz 
f = 1600Hz-2600Hz 
f = 2600Hz-2800Hz 
f = 2800Hz-3000Hz 


Receive delay, absolute (f = 1600Hz) 


Receive delay, relative toDRa 
f = 500H2z-1000Hz 
f = 1000Hz-1600Hz 
f = 1600Hz-2600Hz 
f = 2600Hz-2800Hz 
f = 2800Hz-3000Hz 


NOISE 


Transmit noise, P message weighted  (ETC5067, VFxI* = OV) ee ee dBmOp 
(Note 1) 
Receive noise, P message weighted . dBmOp 
(ETC5067, PCM code equals positive zero) -79 
Transmit noise, C message weighted = (ETC5064, VFxI* = OV) | Nxe [ - | 2 | 8 | dBrnCO 


Receive noise, C message weighted 
ETC5064 , PCM code equals alternating positive and 
negative zero 


Noise, single frequency 
f = OkHz to 100kHz, loop around measurement, 
VFxI* = OVrms 


Positive power supply rejection, transmit 
VFxI* = OVrms, Vec = 5.0Vpc+100mVrms,f = OkHz-50kHz 


Negative power supply rejection, transmit dBp 
VFxI* = OVrmsVgp = —5.0Vpc+100mVrms f = OkHz-50kHz 


Positive power supply rejection, receive 
(PCM code equals positive zero, Vcc = 5.0Vpc+100mvrms) 
f = OHz-4000Hz 
f = 4kHz-25kHz 

f = 25kHz-50kHz 


Negative power supply rejection, receive 
(PCM code equals positive zero, VBg = —5.0OVpc+100mVrms) 
f = OHz2-4000Hz 
f = 4kHz-25kHz 

f = 25kHz-50kHz 
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TRANSMISSION CHARACTERISTICS (Continued) 
(All devices) Ta = 0°C to+70°C, Vcc = 5V + 5%, VBB =—5V + 5%, GNDA = OV, f = 1.02 kHz, Vin = 0 dBm0O, 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) » 


Characteristic 


Spurious out-of-band signals at the channel output 
Loop around measurement, 0 dBm0, 300Hz-3400Hz input 


applied to VFxI*, measure individual image signals at VFRO 
4600Hz-7600Hz 

7600Hz-8400Hz 

8400Hz-100,000Hz 


DISTORTION 
Signal to total distortion (sinusoidal test method) STDy dBp 
or 
Transmit or receive half-channel STDR 
Level = 3.0dBm0O 33 - - 
= OdBm0 to —30dBm0 36 _ - 
= —40dBm0 XMT 29 - _ 
, RCV 30 - - 
= —55dBm0 XMT 14 — - 
RCV 15 _ - 


Intermodulation distortion 
Loop around measurement,VFx!* = —4dBm0 to —21dBm0O, 
two frequencies in the range 300Hz-3400Hz 


CROSSTALK 7 | 
Transmit to receive crosstalk, OdBmO transmit level CTx-R 
f = 300Hz-3400Hz, Dr = steady PCM code -—75 
CTr-x 
~—70 
(Note 2) 


Receive to transmit crosstalk, OdBmO receive level 
f = 300Hz-3400Hz, VFx! = OV 


POWER AMPLIFIERS 


Maximum 0 dBm0 level for better than +0.1 dB linearity over the range 
10 dBm0 to +3 dBm0 (balanced load, Ri. connected between VPO * 
and VPO — 
R, = 600 2 
Ry = 1200 2 
Ry =30 kQ 


Signal/distortion Ry =600 2, 0 dBm0 


Note 1: Measured by extrapdation from the distortion test result 
Note 2 : CTMX is measured with a — 40 dBm0 activating signal applied at VF xl . 


ENCODING FORMAT AT Dx OUTPUT 


Vin(at GSx) = +Full-scale 
Vin(at GSx) = OV 


Vin(at GSx) = —Full-scale 
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nesses 


APPLICATIONS INFORMATION 


POWER SUPPLIES 


While the pins ot the ETC5060 family are well protec- 
ted against electrical misuse, it is recommended that 
the standard CMOS practice be followed, ensuring 
that ground is connected to the device before any 
other connections are made. In applications where the 
printed circuit board may be plugged into a “hot” soc- 
ket with power and clocks already present, an extra 
long ground pin in the connector is useful. 


All ground connections to each device should meet at 
a common point as close as possible to the GNDA pin. 


This minimizes the interaction of ground return cur- 
rents flowing through a common bus impedance. 
0.1 pF supply decoupling capacitors should be con- 
nected from this common ground point to Vcc and 
Vp. 

For best performance, the ground point of each CODEC/ 
FILTER on a card should be connected to a common card 
ground in start formation, rather than via a ground bus. This 
common ground point should be decoupled to Vcc and Vag 
with 10 uF capacitors. 


For best performance either, TSX should be groun- 
ded if not used. 


TYPICAL ASYNCHRONOUS APPLICATION 


veo” 


BCLKp 
MCLKR/PDN 


Note 1: Transmit gain = 20 x log ( 


ANALOG LOOPBACK 
TSx 

FSx 

Dx 

BCLKy 

MCKLx 


RIV+R2\ (R14 4.R2)310 kQ 
R2 | 


Note 2 : Receive gain = 20 x log ‘ee R4> 10 kD 


FIGURE 2 
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CASE J20A 


20 Lead Cavity 
J SUFFIX 
CERDIP PACKAGE 


0985 
ea 2 226g MAK oo Sass: 5 
00s ape. a sae“ 
(0.635) — 5 
‘ae 
0220-0218 
9 Sae-7 874) 
Ly 
0 00s 0.020 
(012) 0 S08) 
RAO TvP 


0160 a 790 0.320 = 0.620-0.060 
wasn mate’ it) he (0.508 -1.624) 
: a ak 
(5 080) 


90 
jane 0.126-0.208 
min = (9.176 -6.008) 


d | | 
* ie teat ine sent at 
aviaiaes bs pend a 12 (tyey 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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MONOLITHIC PARALLEL INTERFACE CODEC/FILTER 


The ETC5051/ETC5056 family consists of A-law and p-law monolithic PCM 
CODEC/filters utilizing the A/D and D/A conversion architecture shown in 
Figure 1, parallel 1/O data bus interface. The devices are fabricated using double- 
poly CMOS process. 


The encode portion for each device consists of an input gain adjust amplifier, 
an active RC pre-filter which eliminates very high frequency noise prior to ente- 
ring a switched-capacitor band-pass filter that rejects signals below 200 Hz and 
above 3400 Hz. Also-included are auto-zero circuitry and a companding coder 
which samples the filtered signal and encodes it in the companded A-law or 
p-law PCM format. . 

The decode portion of each device consists of an expanding decoder, which 
reconstructs the analog signal from the companded A-law or p-law code, a 
low-pass filter which corrects for the sin x/x response of the decoder output 
and rejects signals above 3400 Hz and is followed by a single-ended power ampli- 
fier capable of driving low impedance loads. 


The ETC5051, ETC5056 are especially designed to be used with a line interface 
controller providing local time and space switching in a distributed control swit- 
ching system. 


© Complete CODEC and filtering system including : 
— Transmit high pass and low pass filtering. 
— Receive low pass filter with sin x/x correction. 
— Receive power amplifier. 
— Active RC noise filters. 
— p-255 law COder and DECoder - ETC5051 
— A-law COder and DECoder - ETC5056 
— Internal precision voltage reference. 
— Internal auto-zero circuitry. 
¢ Meets or exceeds all D3/D4 and CCITT specifications. 
e +5 V operation. 
© Low operating power - typically 60 mW. 
© Power-down standby mode - typically 3 mW. 
® High speed TRI-STATE® data bus. 
© 2 loopback test modes. 
© Second source of TP3051, TP3056. 
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MONOLITHIC PARALLEL 
DATA INTERFACE 
CODEC/FILTER 


CASE J20A 


20 Lead Cavity 
J SUFFIX 
CERDIP PACKAGE 


PIN ASSIGNMENT 


VFxI* 
VF x1 ~ 
GSx 

Veco 


PCM/CNTL 
CLK 
DBO 
DB1 
DB2 
DB3 


Ref.00035R1 
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FIGURE 1 - BLOCK DIAGRAM 
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PIN DESCRIPTION 


DESCRIPTION 


Negative power supply pin. Veap=-5V +5% 


8 
a 


< 

ay 

>!10 
“| = 


cs Device chip select input which controls READ, WRITE and TRI-STATE® operations on 
the data bus. CS does not control the state of any analog functions. 
0 | 6 | Bit 71/0 on the data bus. The PCM LSB. 

: aaa eae 
| Gnop | cn> Sf st Digital ground. All digital signals are referenced to this pin. | 
a ee ee Bit 0 1/0 on the data bus. This is the PCM sign bit. — 

CLK The clock input for the switched-capacitor filter and CODEC. Clock frequency must be 
768 kHz, 772 kHz, 1.024 MHz or 1.28 MHz and must be synchronous with the system clock 
' input. 
This control input determines whether the information on the data bus is PCM data or 
control data. 


< 
(2) 
(2) 
Oo 


Uv 
oO 
= 
™ 
(2) 
2 
4 
i 


< 

mal 

*%. 
+ 


Analog ground. All analog signals are referenced to this pin. 


Analog output of the receive power amplifier. This output can drive a 600 2 load to +2.5V. 


Positive power supply voltage pin for the analog circuitry. Veca =5 V +5%. Must be 
connected to Vccp 


7 Positive power supply pin for the bus drivers. Vccp=5 V +5%. Must be connected to 
VCCA 


Analog output of the transmit input amplifier. Used to externally set gain. 


Inverting input of the transmit input amplifier. 


Non-inverting input of the transmit input amplifier. | 


* |: Input, O : Output, S : Power supply. 


TRI-STA 


TE® is a trademark of National Semiconductor Corp. 
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NG 


FUNCTIONAL DESCRIPTION 


CLOCK AND DATA BUS CONTROL 


The CLK input signal provides timing for the encode and 
decode logic and the switched-capacitor filters. It must be 
one of the frequencies listed in Table 1 and must be cor- 
rectly selected by control bits CO and C1. 


CLK also functions as a READ/WRITE control signal, with 
the device reading the data bus on a positive half-clock cycle 
and writing the bus on a negative half-clock cycle, as shown 
in Figure 4. 


POWER-UP 


When power is first applied, power-on reset circuitry initia- 
lizes the CODEC/filter and sets it in the power-down mode. 
All non-essential circuits are deactivated and the data bus 
outputs, DBO-DB7, and receive power amplifier output, 
VFRO, are in high impedance states. 


The ETC5051, ETC5056 is powered-up via a command to 
the control register (see Control Register Functions). This 
sets the device in the standby mode with all circuitry acti- 
vated, but encoding and decoding do not begin untill PCM 
READ and PCM WRITE chip selects occur. 


TABLE |. Control Bit Functions 


‘Control Bits Function 
CO, Ct Select Clock Frequency 
co Ci Frequency 
0 X 1.024 MHz 
1 0 0.768 MHz or 0.772 MHz 
1 1 1.28 MHz 


C2 G3 Mode 


1 x digital loopback 
0 1 analog loopback 
normal 


: CZ, co : Digital and Analog Loopback 
| 
| 
| 


Power-Down/Power-Up 
1 = power-down 
0 = power-up 
ETC5051 - Don’t care 

ETC5056 

O= A-law without even bit 
inversion 

1= A-law with even bit inversion 


| 
~ 


Don’t care 


DATA BUS ASSIGNEMENT 


The parallel |/O data bus is defined as follows : 
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Control Data 


READING THE BUS 


If CLK is low when CS goes low, bus data is gated in during 
the next positive half-clock cycle of CLK and latched or the 
negative-going transition. lf PCM/CNTL is low during the 
falling CS transition, then the bus data is defined as PCM 
voice data, which is latched into the receive register. This 
also functions as an internal receive frame synchronization 
pulse to start a decode cycle and must occur once per re- 
ceive frame ;i.e., at an 8 kHz rate. 


lf PCM/CNTL is high during the falling CS transition, the 
bus data is latched into the control register. This does not 
effect frame synchronization. 


WRITING THE BUS 


lf CLK is high when CS goes low, at the next falling transi- 
tion of CLK, the bus drivers are enabled and either the PCM 
transmit data or the contents of the control register are gated 
onto the bus, depending on the level of PCM/CNTL at the 
CS transition. If PCM/CNTL is low during the CS falling tran- 
sition, the transmit register data is written to the bus. An 
internal transmit frame synchronization pulse is also gene- 
rated to start an encode cycle, and this must occur once 
per transmit frame ; i.e., at an 8 kHz rate. 


If PCM/CNTL is high during the CS falling transition, the 
control register data is written to the bus. This does not 
affect frame synchronization. 


The receive register contents may also be written back to 
the bus, as described in the Digital Loopback section. 


Except during a WRITE cycle, the bus drivers are in TRI- 
STATE mode. 


CONTROL REGISTER FUNCTIONS 


Writing to the control register allows the user to set the 
various operating states of the ETC5051 and ETC5056. The 
control register can also be read back via the data bus to 
verify the current operating mode of the device. 


1. CLK Select. 
Since one of three distinct clock frequencies may be used, 
the actual frequency must be known by the device for 
proper operation of the switched-capacitor filters. This 
is achieved by writting control register bits CO and C1, 
normally in the same WRITE cycle that powers-up the 
device, and before any PCM data transfers take place. 


ETC5051 ¢ ETC5056 
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2. Digital Loopback 

In order to establish that a valid path has been selected 
through a network, it is sometimes desirable to be able 
to send data through the network to its destination, then 
loop it back through the network return path to the ori- 
ginating source where the data can be verified. This loop- 
back function can be performed in the ETC5051, ETC5056 
by setting control register bit C2 to 1. With C2 set, the 
PCM data in the receive register will be written back onto 
the data bus during the next PCM WRITE cycle. In the 
digital loopback mode, the receive section is set to an idle 
channel condition in order to maintain a low impedance 
termination at VF RO. 


3. Analog Loopback 

In the analog loopback mode, the transmit filter input is 
switched from the gain adjust amplifier to the receive 
power amplifier output, forming a unity-gain loop from 
the receive register back to the transmit register. This 
mode is enterred by setting control register bits C2 to 0 
and C3 to 1. The receive power amplifier continues to 
drive the load in this mode. 


4. Power-Down/Power-Up 
The ETC5051, ETC5056 may be put in the power-down 
mode by setting control register bit C4 to 1. Conversely, 
setting bit C4 to 0 power-up the device. 


TRANSMIT FILTER AND ENCODE SECTION 


The transmit section input is an operational amplifier with 


provision for gain adjustment using two external resistors, 


see figure 2. The low noise and wide bandwidth allow gains 
in excess of 20dB across the audio passband to be realized. 
The op amp drives a unity-gain filter consisting of a 2nd order 


RC active pre-filter, followed by an 8th order switched- 
Capacitor bandpass filter clocked at 256 kHz. 

The output of this filter directly drives the encoder sample- 
and-hold circuit. The A/D is of companding type according 
to 4-255 law (ETC5051) or A-law (ETC5056) coding sche- 
mes. A precision voltage reference is trimmed in manufac- 
turing to provide an input overload (tax) of nominally 2.5 V 
peak (see table of Transmission Characteristics). Any off- 
set voltage due to the filters or comparator is cancelled by 
sign bit integration in the auto-zero circuit. 


The total encoding delay referenced to a PCM WRITE chip 
select will be approximately 165 ys (due to the transmit fil- 
ter) plus 125 us (due to encoding delay), which totals 290 BS. 


DECODER AND RECEIVE FILTER SECTION 


The receive section consists of an expanding DAC which 
drives a 5th order switched-capacitor low pass filter cloc- 
ked at 256 kHz. The decoder is of A-law (ETC5056) or p- 
law (ETC5051) coding law and the 5th order low pass filter 
corrects for the sin x/x attenuation due to the 8 kHz sam- 
ple/hold. The filter is then followed by a 2nd order RC active 
post-filter. The power amplifier output stage is capable of 
driving a 600 0 load to a level of 7.2 dBm. The receive sec- 
tion has unity-gain. Following a PCM READ chip select, the 
decoding cycle begins, and 10 ys later the decoder DAC out- 
put is updated. The total decoder delay is - 10 us (decoder 
update) plus 110 ys (filter delay) plus 62.5 ys (1/2 frame), 
which gives approximately 180 ps. 


to transmit 
filter 


Non-inverting transmit gain = 20 logy (#5) 


Out gain to provide peak overload level = try3x at GSx 
(see Transmission Characteristics) 


FIGURE 2 - Transmit Gain Adjustment 
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MAXIMUM RATINGS 


GNDD to GNDA ia 


Vcca or Vccp to GNDD or GNDA 


Voltage at any analag input or output 


Voltage at any digital input or output Vcc +0.3 to V 
GNDD - 0.3 
Operating temperature range -25 to +125 
[300 | 


Lead temperature (soldering, 10 seconds) [| 


ELECTRICAL CHARACTERISTICS 


Vcc -5.0V +5%, Vag= -5V +5%, GNDA=0V, Ta =0°C to 70°C (Unless otherwise noted) ; typical characteristics speci- 
fied at Vcc =5.0 V, Vep= —5.0 V, Ta =28°C, all signals are referenced to GNDA. 


DIGITAL INTERFACE 


Rhavacterine ———SS—*d;C Smit | win [te | Mex | 
uw ee 
Input high voltage VIH Poe 


Output low voltage 
IL=2.5mA, DBO - DB7 


Output high voltage V 
IH = -2.5mA, DBO - DB7 


Input low current (GNDAS Vin < Vic, all digital inputs) 


input high current (Vins VinS Vcc) [to | pA 


Output current in high impedance state (TRI-STATE) | loz 
(GNDD<Vo<Vcc), DBO - 0B7 -10- 


Input leakage current (—2.5V“ VS +2.5V) VFxI* or VFxl 


(—2.5VS VS +2.5V) VExI* or VExI7 


Input resistance 


Output resistance (closed loop, unity gain) 


Load resistance 


Load capacitance 


Output dynamic range (Ry 210k!2) G +28 


(VFx!* to GSx) 


Voltage gain 


Common-mode voltage 


Common-mode rejection ratio 


Output resistance 


Load resistance (VFRO= +2.5V) | rrr | 6oo | - | 
Fos capacitors ee | 
Output DC offset voltage VOSRO f=ooo:}. a | 200 


POWER DISSIPATION (ALL DEVICES) 


Power-down current 


Power-down current 


Active current 
Active current 
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TIMING SPECIFICATIONS 


Characteristic 


~J 

3 
< 
3 


S| 
wv 
2) 
+ [© 


fad 
w 
uv 
QO 
= 


~ Period of clock 
Width. of clock high . 
Width of clock low twecL 


Rise time of clock 


Fall time of clock 

Set-Up time of CLK high or low 
Hold time from CS low to CLK 
Width of chip select 

Set-Up time of PCM/CNTL i tspcm | 
Hold time of PCM/CNTL 


Set-Up time of data in 


Hold time of data in tuoi 


tl ase] 
= |Z IS lala 
HIM [wm IO [O 


Delay time of data in (Ci, =0 pF to 200 pF) 
Delay time to data output disabled (C, =0 pF to 200 pF) 


+ 
= 
Oo 
(o) 


Switching Time Waveforms 


tec 


mepicmeumamaet |. ——-| + twer 


es fee 


CLK 


tscs tscs =o Ties) Ve== 
| 


twes - me— twes 


cS 


PCM/CNT 


DB0-087 


FIGURE 4. Timing Waveforms for ETC 5051. ETC 5056 
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TRANSMISSION CHARACTERISTICS 
(All devices) Ta = O°C to 70°C, Vcc = 5V + 5%, Van =—5V +5%, GNDA = OV, f = 1.02 kHz, Vin =O dBm0 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) 


AMPLITUDE RESPONSE 


Characteristic 


Absolute levels - Nominal 0 dBm0 level is 4 dBm (6002) 
O dBmO ETC5051, ETC5056 


Max overload level 
3.14 dBmO ETC5051 
3.17 dBmO ETC5056 


Transmit gain, absolute (Ta = 25°C, Vcc = 5V, VaB = —5V) 
Input at GSx = O dBmO at 1020 Hz 


[Syber [_win | We 


tMAX VPK 
2.492 
2.501 


Transmit gain, relative to Gxa 
{= 16Hz 


f= 50hz 

f = 60Hz 

f = 180Hz 

f = 200Hz 

f = 300Hz-3000 Hz 
f = 3300Hz 

f = 3400Hz 

f = 4000Hz 


f = 4600Hz and up,measure reponse from OHz to 4000Hz 


Absolute transmit gain variation with temperature 
(Ta = O°C to +80°C) 


Absolute transmit gain variation with supply voltage 
(Vcc = 5V + 5%, Veg = -5V + 5%) 


Transmit gain variations with level 

Sinusoidal test method reference level = —10dBm0O 
VFxI* = —40dBm0 to +3dBm0 

VFx!* = —50dBm0 to —40dBm0 

VFxI* = —55dBm0 to —50dBm0 


Receive gain, absolute (Ta = 25°C, Vcc = 5V, VBB = —5V) 
Input = digital code sequence for OdBm0O signal at 1020Hz 


Receive gain, relative to Gra 
f = OHz to 3000 Hz 

f = 3300Hz 

f = 3400Hz 

f = 4000Hz 


Absolute receive gain variation with temperature 
(Ta = OC to + 70°C) 


Absolute receive gain variation with supply voltage 
(Vcc = 5V+ 5%, Veg = —5V= 5%) 


Receive gain variations with level 
Sinusoidal test method;reference input PCM code 
corresponds to an ideally encoded —10dBm0O‘ signal 

PCM level = —40dBm0 to +3dBm0 

PCM level = —5OdBm0O to —40dBm0 

PCM level = —55dBm0 to —50dBm0O 


(RL = 6002) 


Receive output drive level 
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TRANSMISSION CHARACTERISTICS . 
(All devices) Ta =0°C to +70°C;Vcc =5V + 5%, VeB =—5V + 5%, GNDA = OV, f = 1.02 kHz, Vin = 0 dBmoO, 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) 


ENVELOPE DELAY DISTORTION WITH FREQUENCY 
Characteristic 
(f = 1600Hz) 


Transmit delay, relative to Dx 

f = 500Hz-600Hz 

f = 600Hz-800Hz 

f = 800Hz-1000 Hz 
f = 1000Hz-1600Hz 
f = 1600Hz-2600Hz 
f = 2600Hz-2800Hz 
f = 2800Hz-3000Hz 


Receive delay, absolute (f = 1600Hz) 


Receive delay, relative toDra 
~  f = 500Hz-1000Hz 

f = 1000Hz-1600Hz 
f = 1600Hz-2600Hz 
f = 2600Hz-2800Hz 
f = 2800Hz-3000Hz 


NOISE 


Transmit noise, P message weighted (ETC5056. VFxI* = OV) Nxp —74 - 69 dBmOp 
(Note 1) 
Receive noise, P message weighted | dBmOp 
(ETC5056 PCM code equals positive zero) . -82 | -79 


Transmit noise, C message weighted (ETC5051. VFxI* = OV) Pouce | - [| 2 [ 6 dBrnCoO 


ef efe fn — 
11 


Nrs dBmO 
pended) 
aan Ps 

40 
Sl PS 


PPSRR 
40 
40 
36 
NPSRpr 
40 
40 
36 


Transmit delay, absolute 


Receive noise, C message weighted 
ETC 5054, PCM code equals alternating positive and 
negative zero 


Noise, single frequency . 
f = OkHz to 100kHz, loop around measurement, 
VFxI* = OVrms 


Positive power supply rejection, transmit 
VFxI* = OVrms, Vcc = 5.0Vpc+100mVrms,f = OkHz-50kHz 


Negative power supply rejection, transmit . 
VFxI* = OVrmsVgp = —5.0Vpc+100mVrmsf = OkHz-50kHz 


Positive power supply rejection, receive 
(PCM code equals positive zero, Vcc = 5.0Vpc+100mVrms ) 
f = OHz-4000Hz 
f = 4kHz-25kHz 

f = 25kHz-50kHz 


Negative power supply rejection, receive 
(PCM code equals positive zero, Vag = —5.0Vpc+1 OOmvVrms) 
f = OHz-4000Hz 
f = 4kH2-25kHz 

f = 25kHz-50kHz 
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“TRANSMISSION CHARACTERISTICS (Continued) 
(All devices) Ta =0°C to +70°C, Vcc = 5V + 5%, VgB =—5V + 5%, GNDA = OV,f =.1.02 kHz, VIN =90 dBmO, 
transmit input amplifier connected for unity-gain non-inverting. (Unless otherwise specified) 


Characteristic 


Spurious out-of-band signals at the channel output 
Loop around measurement, 0 dBmO, 300Hz-3400Hz input 


applied to VFxI*, measure individual image signals at VFRO 
4600Hz-7600Hz 

7600Hz-8400Hz 

8400Hz-100,000Hz 


DISTORTION 


Signal to total distortion (sinusoidal test method) 


Transmit or receive half-channel 
Level = 3.0dBm0O 
= OdBm0 to —30dBm0 
= —40dBm0 XMT 


= —55dBm0 


Single frequency distortion, transmit 
Single frequency distortion, receive 


Intermodulation distortion 
Loop around measurement,VFx|* = —4dBm0 to —21dBm0O, 
two frequencies in the range 300Hz-3400Hz 


CROSSTALK 


Transmit to rece ve crosstalk, OdBmO transmit level 
f = 300Hz-3400Hz, Dr = steady PCM code 


Receive to transmit crosstalk, OdBmo receive level 
f = 300Hz-3400Hz, VFxl = OV 


Note 1 - Measured by extrapolation of the S/N ratio result in the first segment of the encoder. 
Note 2: CTr.x is measured with a —40 dBm0 activating signal applied at VExIt. 


ENCODING FORMAT AT DATA BUS OUTPUT 


ETCS5056 
True A-Law, C5=0 
(includes Even Bit inversion) 


MSB LSB 


VIN = + Full-Scale 


VIN = — Full-Scale 


NOT APPLICABLE 


SIGN + MAGNITUDE A-LAW, C5=1 
(C5 IS DON’T CARE) 


(Before Even bit inversion) 


Vin = + Full-Scale 


Vin = — Full-Scale 
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CASE J20A 


20 Lead Cavity 
J SUFFIX 
CERDIP PACKAGE 
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NOTES 
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TESTING AND EVALUATING COMBOS 


The combination of FILTER and CODEC(COMBO) ona single chip while increasing the performan- 
ces of new telephone system designs has its counterpart in the field of testing and evaluating the 
chip. 


This paper is a summary of how to testand evaluate combos accurately with a minimum of care and 
is essentially issued from our backgrounds on the ETC5057 “A” Law, P2 CMOS combo. 


I. TEST METHOD p3to/7 
Half Channel Testing 


1.1. 
1.2. Choice of the Test Frequency 
Lo. Test Circuit Layout Requirements 


Il. | SINGLE TONE 1020 Hz MEASUREMENTS | p7to11 


.1. Basic Schematic 
H.2. Information Contained in a PCM Signal 


1.3. Absolute Gain 

1.4. Gain Tracking 

11.5. Signal to Total Distortion 
H.6. Single Frequency Distortion 


iii. FREQUENCY RESPONSE MEASUREMENT | | p12to13 


lv. PSRR MEASUREMENT | pi4to15 
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|. TEST METHOD 


1.1. HALF CHANNEL TESTING 


The test method has to follow basically the CCITT recommendations (yellow book, AVIS 
G711-G712) but all measurements have to be made separately for each side of a device, 
A — D and D — A (half channel testing). 


One reason is that transmit (AD) and receive (DA) DAC’s are symmetrical and their errors are 
mutually compensated in a loop around measurement. In other words, the ONLY CHANNEL 
THAT A COMBO WILL NEVER TALK TO IS ITS OWN RETURN CHANNEL. 


The figure 1 is an example of a typical bench top set up for a combo measurement. 


TRANSMIT 
ETC 5057 


A RECEIVE 


DIGITAL 
FILTERS PATTERN 
| Generator 
| OIGITAL 
| RECEIVE 


| RAM - 


TESTER TYPE HPS7 790 


FIGURE 1: COMBO BENCH TOPTEST SET UP EXAMPLE WITH A HEWLETT-PACKARD HP 3779 C UNIT 
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(.2. CHOICE OF THE TEST FREQUENCY 


The most commonly used method for testing combos is the CCITT sine wave method (method 
2 of G712 AVIS) which is also the production test method chosen for a test time point of view. 


The choice of the test frequency is not something so easy since no submultiple of the 
sampling frequency has to be chosen. . 


Hence, in sampling systems such as combos, the period of the sampled signal is not the 
SIGNAL PERIOD but the duration of a complete set of different samples and is usually called 
the FOURIER SERIE PERIOD (Figure 2). . 2 


BATE FED 14TH 04 , —— FSP ———» 


: 
1S0GZ STE WAVE SUPLED ORT 
MED O Seas PER SEC 
: DER SERIE® | 7 
| 


ti) 


| 
| 
| 
| 
w8 UNITES . || 1 
SP = SIGNAL PERIOD Lott i i : 
FSP = FOURIER SERIE , | | 
PERIOD | | | 
int 
| | 


gp 
-' 
onan eneren2aIiS 22h S2RRNNSNARRRASABAABRABS Sa | 


TIME DOMAIN FONCTION, 125U8/DIV 


FIGURE 2: THE FOURIER SERIE PERIOD OF A 8 kHz SAMPLED SINE WAVE 


Thus, the power gain error due to the quantization process will be dependent of the size of the 
samples serie. For example, a 2 kHz signal can generate only 4 samples per serie (see 
Figure 3) if sampled at 8 kHz with a starting angle of 45°. The gain error in this case, even at 
high levels has some peaks at + or — 0.24 dB which is unacceptable. 


DATE ‘°FEB 14TH 64 


oe 
207 45 OEBRES SINE WAVE SAMPLED @8KH? 
MUMDER OF TONES: | , 
MABER OF SALES PER SERIE= | : 
INPUT LEVEL@ | 0 DBAO 
FREQUENCY: 2000 HZ 
PHAGE: 45 DEGRES 
POL ITUDE= 2853. 38 UNITES ea | | | | 
T 


on nm@wn 
OHM SDP BOD 8 ot et ot ots 


FIGURE 3: A 2 kHz 
45° PHASE SAMPLED 
SIGNAL 


0.5 


TIME DOMAIN FONCTION, 125US/DIV 
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If the sample size is big enough, the gain error issued.from the quantization process will be 
relatively ‘‘averaged”’ over the samples set instead of being concentrated on few samples: 
The trick is to choose the test frequency such as: 


fin_K where fin is the input test signal frequency, fs is the sampling frequency, K andN are 
s N mutually integer, N giving the number of samples per FOURIER SERIE PERIOD. 
Example: fin = 1020 Hz 
fs = 8000 Hz 
K_1020_ 51 
N 8000 451 


This means that 1020 Hz will give different samples over 51 signal periods. 


It is recommended to use at least 400 samples per FOURIER SERIE PERIOD to guarantee less that 
0.03 dB uncertaintly on gain measurements. | 


In this case, the quantization noise will be garead over meanency slots which are multiple of 
1/FOURIER PERIOD (Figure 4). 


COFIDEC SIMUL 
NUMDER OF TONES: 1: 
’ NUMBER OF SAMPLES PER SERIE= 512 


INPUT LEVEL@ 1 0 DEMO 
FREQUENCY: 1066.88 HZ 
PHASE : 


+ 2543 DEBRES 
AAPLITUDE= 2853.38 UNITES 


ANALYSIS FROM 0 TO 4KHZ 


FREQUENCY SPECTRUM 
UNIT=15. 625HZ/DIV 


§ 
AU i mi litihd ebtebetacaeta Ab a | | Li 


DNISLA ALAR AAV ACR RUG Redes SIIDPSITASARARRGRAZSIV3 IBBSBEL AMAL RL SSSBSBVSBSRAER 


FREQUENCY 


FIGURE 4: SPECTRUM OF A 512 SAMPLES/SERIE SAMPLED SINE WAVE 
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TABLE 1: USABLE TEST FREQUENCY IN THE RANGE 0-4 kHz WITH 400 SAMPLES PER FOURIER 
SERIE PERIOD (Hz) 


1.3. TEST CIRCUIT LAYOUT REQUIREMENTS 


The P2 CMOS ETC5057 is designed to provide extremely high performances even in an 
unfriendly electrical environment. Butto test it at its limits, especially on noise and distortion 
measurements, some basic requirements on power supplies and ground connections layout 
have to be followed carefully as illustrated on figure 5. 


TEST BOARD 
INPUTS/OUTPUTS 10 NF ON EACH IC 


INTERFACE 
LOGIC 


0.1 UF 
"MECCA" yCCc 


GROUND 
7 
| GNDA E'C $05 
REFERENCE VBB 


POINT O,1 UF 


FIGURE 5: TYPICAL TEST CIRCUIT LAYOUT 


- Use the GNDA pin as the system reference point (GRP). 

- Use0O.1 uF decoupling capacitors (ceramic is preferable) on VCC and VBE to GNDA as near 
as possible to the device. 

- Be sure that no parasitic current will flow through the GND return lead from GNDA to the 
“MECCA”. The best solution to achieve this condition is to use a star formation as shown 
on figure 5. 
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The +5 V and GND used for logic interfaces must be separate connections from a highly 
decoupled point on the board input. Each logic “IC” has also to be decoupled (10 nF ceramic 
Capacitors) to GND and it is recommended to use CMOS logic place to TTL logic to avoid high 
level switching noise. 


- Keep leads short around the combo. 
- Use ground planes or ground shields but make sure that they carry no noise inducing 
currents. 
_- Use large decoupling capacitors on the + and —5 Vto GND on the board input (10 uF isa 
minimum). 
- Use clamping diodes (Shottky is preferable) to avoid supplies transient during power up 
that would drive the combo over its maximum ratings. 


ll. SINGLE TONE 1020 Hz MEASUREMENTS 


1.1. BASIC TEST CIRCUIT SCHEMATIC (FIGURE 6) 


UL DIGITAL 


ANALOG PERFECT 
TRANSMIT SeROUINE FILTERING 
ETC 5057 


al 


DIGITAL PATTERN 
GENERATION 

= (1020 HZ CODES) 
‘Me FILTERING : ANALOG 


OR DIGITAL SIGNAL 
PROCESSING 


FIGURE 6: TEST CIRCUIT SCHEMATIC 


Note: O dBm0O for the analog input is 1.2276 V RMS. 
O dBm0O for the digital input is a digital PCM pattern containing the codes of an ideally 
A-Law encoded sine wave at 1020 Hz with 2853 CCITT units amplitude. 


11.2. INFORMATIONS CONTAINED IN A PCM SIGNAL 


1.3. 


“* 


USEFUL FREQUENCY 
QUANTIZATION NOISE 


jaa) 
TO 
LJ 
aoe 
es 
es 
Le 
as 
ae 
= 
an 


FREQUENCY (Hz ) 


FIGURE 7: IDEAL PCM SIGNAL SPECTRUM 


* All level measurements on the useful frequency have to be selective to avoid quantization 
noise errors spread over the whole frequency range. 


* All wide band noise measurements have to go through a PSOPHOMETRIC FILTER which is 
the image of an actual channel path (CCITT IlI.2, AVIS G223) as heard by the human ear. 
ABSOLUTE GAIN 


This is the transfer gain of the transmit or receive side expresses as: 


G(XorR)A = 20 Log ( decoded and band ass fikered 1020 Hz PMS value ) 


11.4. GAIN TRACKING 


This is the gain deviation in dB versus input level at 1020 Hz of the transmit or receive side. 
The reference gain is taken for — 10 dBmO input level (CCITT): | 


= actual output level ie actual output level 
mixorh) = 20 Leg input level areal input level at -10 dBmO 


A typical gain tracking curve is given on figure 8. 
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1.6. SIGNAL TO TOTAL DISTORTION 


As shown in part |.2, the quantization process (during encoding) introduces DISTORTIONS in 
the decoded signal even in a perfect A-Law encoder. This distortion has a relatively broad 


band spectrum and is usually called quantization noise. 
The signal to total distortion is a function of the input level and is expressed by: 


~ RMS signal at 1020 Hz at level XX 
STD (XorR) = 20 Log [ tota noise (psophometric filtere ] 


A typical ETC5057 signal to total distortion plot is shown on figure 9. 


$/D0 (0BP) 


TRANSMIT 


INPUT LEVEL (DBMO) 


FIGURE 9: ETC5057 SIGNAL TO TOTAL DISTORTION 
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11.6. SINGLE FREQUENCY DISTORTION 


This test is also called SPURIOUS IN BAND FREQUENCIES test and reflects mainly the 
second and third harmonic distortion of the 1020 Hz. 


The expression. is: 


eee signal power 1020 Hz, O dBmO, band pass filtered 
lace eral Aa Spurious signal power at frequency X ] 


* X is 2 for second harmonic 
X is 3 for third harmonic 


Some particular care has to be taken when filtering the spurious frequency. 


For aO dBmO input level, the quantization noise floor is around —55 dBm0O, sometimes the same 
level than the spurious frequency to extract. , 


Thus, the selective filter used to pick up that frequency has to be sharp enough not to measure the 
quantization noise. 


A plot of signal to quantization noise at 1020 Hz versus the bandwidth of the measuring filter is 
shown on figure 10. It is recommended to use at least 40 Hz bandwidth. 
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FIGURE 10:SIGNAL TO QUANTIZATION NOISE VERSUS Af OF THE MEASURING 
FILTER FOR A O dBm, 1020 Hz INPUT SIGNAL 


1-97 


lll. FREQUENCY RESPONSE MEASUREMENT 


The combination of filter and codec together leads to the following restrictions in half channel 
testing: | | | 


In the TRANSMIT SIDE, beyond 4 kHz frequencies first attenuated by the filter stage are 
aliased in the 0-4 kHz band, so that out of band response at frequency fo has to be measured 
at (8 kHz - fo]. This test is also called the in band discrimination of out of band signals. 


In the RECEIVE SIDE, no frequencies above 4 kHz are present in the PCM stream. Thus out of 
band frequencies at the channel output are spurious frequencies coming from the staircase 
signal at the decoder output. The out of band response has to be measured on the image 
frequencies [8 kHz +/— fo] of the in band frequencies fo (see figure 11 for details). 


4 
TRANSMIT 


MEASURED INPUT 
SIGNAL ' SIGNAL 


ed 
-o 


- AMPLITUDE CDBI 


ee) ee ed ee 
FREQUENCY (HZ) 


RECEIVE 


MEASURED 
SIGNALS 


AMPL I TUDE [DBI 


V 


TUTTI mrenyrmirret ferret 


see §6seee)6=6 sees. 7808 «48808 86se8e 8618688 
FREQUENCY (H21 


FIGURE 11: OUT OF BAND FREQUENCY RESPONSE OF A COMBO CHIP 


Note that thest frequencies have to be chosen as discussed on part 1.2. 
The frequency response is expressed as the relative amplitude deviation in dB from the 
reference point at 1020 Hz, O dBm0O, versus frequency. 
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FIGURE 12: TYPICAL ETC5057 FREQUENCY RESPONSE 
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lV. PSRR MEASUREMENT 


The PSSR for the positive or negative supply is expressed as: 


(PorN)PSRixorR) = 
20 L RMS value Frequency N on the power supply 
09 | (XorR) channel output RMS level (PSOP filtered) 


The figure 13 is showing an easy test method for PSSR measurement. 


HP3779C 
MULTIPLEX AUDIO GENE 


ANA R 
NALYSE UF 
TRANSMIT ~ 


TX-RX (AD OR DA) 


PSOPHOMETRIC EI 205? 
FILTER = ON 


RECEIVE 


EXAMPLE ON VCC 


FIGURE 13: PSSR TEST METHOD 


Note: During the test the transmit input is grounded and the receive digital input is driven bya 
PCM positive zero. 
For transmit side, the out of band measurement has to be made at the inband corres- 


ponding image frequency. 
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POSITIVE PSRR 
ENCODER 
sie oat —— WOT VAL LPASE 4.aKuo) — ; 


220 4222 5822 
. FREQUENCY (Hz ) 
-32.09+— —- — -— 


i cae y 

EI | NEGATIVE PSRR 
z ENCODER 

Da — — 

-48.82 


Mt eae ca oT va In pAsh 4.oKtis2 = 


ar ae — 


3 
-64.88 -3 


3 
4 
-72.2a= 


4222 6882 
FREQUENCY (Hz) 


605? mie PSRR 


2822 4022 5e2e 
FREQUENCY (Hz) 
ogo ee ee ee 


-32.88=—- —- — — — 


{ 
Ss aly, Sea 


4202 | 68828 
FREQUENCY (Hz) 


FIGURE 14: TYPICAL PSRR DATA 
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TDB7711 © TDB7722 


This kit of two circuits is designed to ensure the BORSHT functions of the 
central office line card. . 


SUBSCRIBER LINE INTERFACE 
e Battery: 


— Normal and reverse mode. CIRCUIT (SLIC) 
— Power down mode. 
— Power denial. 


Overvoltage: 
— Voltage and current limitation. 


Ringing: 
— Ringing is externally injected. 
— Ring trip is internally detected. 


Signaling: 

— Off-Hook detection. 

— Ground key detection. 
— Dialing detection. 


Hybrid: 
— 2 to 4-wire conversion. 


Test: 
— External. 


Complementary functions: 

— Power saving. 

— Tax metering signal sending. 
— Automatic reset at power-up. 


SEPTEMBER 1986 1/7 
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BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 

Battery: e@ Ringing: 
— Programmable current limit. — Large AC and DC voltages allowed. 
— Apparent battery independent of actual battery. — Perturbation free detection system. 
— Programmable feeding resistor (ext. comp.). e Hybrid: 
— Max. battery voltage is 72 V. ; 
— Power saving possibilities. — Synthesized impedance externally programmable 
— In power down mode, power dissipation is 70 mW (complex impedance possible). 

(Vpat = 48 V). — Balance impedance externally programmable 
— In power denial, line feeding disabled. Line is in (complex impedance is possible). 

high impedance position. | @ Complementary functions: 
Overvoltage: power dissipation is maintained inside — Power saving by comparison of battery voltage 
S.0.A. of output devices. Thermal warning. and line voltage and connection of a reduced 

voltage battery. 
EXTERNAL COMPONENTS 
(See block diagram) 


Protection CTP resistor 230 

Battery voltage filtering capacitor 470 nF/100 V 
Feeding bridge programming resistor, must be equal to: (total desired value - 2r) x 2.5 1KQ 

A.C. coupling capacitor 47 uF/10 V 

Ring trip capacitor (50Hz ring freq.) 220 nF/10 V/low leakage 
Reference resistor 16 KQ1% 


Compensation of CTP resistor effect on gain and impedance, must be equal to : 
50 x 2r 

Impedance programing network, must be equal to : 50 x (Desired imp. val. - 2 x r) 
NB : can be complex 

K x Desired impedance value 

K x Desired balance impedance val. 

NB : can be complex 

Bandwith capacitor, must be such that : Cgw x (Z; + Zac) = 8 us 
Compensation of bandwith cap. for transhybrid rejection C’gry x ZT = 8 us 


3 KQ (r= 30 Q) 
27 KQ (Z = 600 2) 


60 KQ (Z = 600 9) 
60 KQ (Za = 600 2) 


270 pF/10 V 
120 pF/10 V 


Ring trip network 


R, = Re = Rs =R, relative precision +0.5%. 
R, = 500K absolute precision +5%. 
Rs = Re = 2002/2W +5%. 
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LOGIC INTERFACE 


Input and output structures are serial register type. 
Data input 
Two 8-bit words can be written in the SLIC. 


Val ~ Regist 
Select 


For BO: 0” 

B1: Power down 

B2: Special DC characteristics 

B3: Real battery voltage 

B4: | Limit 1 (30 mA) 
Remark: Power denial mode if 
B1.64.85.B6 = 1" 

B5: | Limit 2 (20 mA) 

B6: | Limit 3 (12 mA) 

B7: Validation 


Data output 
One 12-bit word can be read in the SLIC. 


Last loaded word (for checking). 


NOTE: - HS is always present on Data bus even with- 
out clock pulse 


- At first clock rising edge HS can be read a 
second time. 


HS: Hook Status 

CRB: Comparison Result Bit between V BAT and V LINE 
GK: Ground Key 

TW: Thermal Warning 


The data are latched in the SLIC when B7 (data input) = 
“1” (Validation) and CS = "1" 


The data are stored in the 6 first registers if BO = “1° 
and in the 6 last registers if BO = “0” 
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For BO: "1" 
B1: General purpose 
B2: Analog input/output 
B3: TTX 
B4: Reverse battery 
B5: Ringing 
B6: Not used 
'B7: Validation 


“O" = Input mode 


The data are written in the shift register at each clock 
rise edge when CS = 0 and R/W = 1 


The data are read at each clock rise edge when CS =0 
and R/W =0 


The first bit (BO = HS) can be read without clock when 
cS =0 


TDB7711 e TOB7722 


MAXIMUM RATINGS 


Power supply 
Battery voltage 
Supply voltage 


Voltage drop between analog ground 
(AG) and battery ground (BG) (For 
VegatT230V) | 
Voltage drop between analog ground 
(AG) and digital ground (DG) 
Power supply rejection ratio (speech 
band) | 
with : 0.2 V voltage ripple on 
Vec/Vee 
0.6 V voltage ripple on Va, 
Line 
Line current (| Longituvinal + 
| Transversal) 
Line voltage 


Power dissipation, in power down mode 
(line current = 0) 


Overvoltage protection 
Voltage on Tip or Ring during 
overvoltage 


All other inputs/outputs are protected 
by diode clamping to supply rails 


Temperature 
Operating temperature range Oto+ 70 
Storage temperature range - 55 to+ 150 
Junction (thermal warning sets SLIC in 
power denial mode automatically) 
Thermal resistance: junction to ambient 
(case = SIL 15: junction to case 
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ELECTRICAL OPERATING CHARACTERISTICS Unless otherwise specified 
Ta = 25°C, VgaT=- 30to-72V, Vcc =+5V+t5%, VEE=-5Vt5% 
Transversal line current: ly = 30 mA 0) 

Longitudinal line current: sil =0 


ea) 
Line feeding characteristics 


Line voltage (see DC ale ly = himit) 

Line current (see DC curv: 

Loop current at constant eat feed 

(prog programmed by steps thru the bus) 

tines voltage at constant voltage feed 

Feeding bridge resistor (set by ext. comp.) 

Loop current in power denial mode 

Loop current matching in normal/reverse battery mode 


Signaling 


Off-hook detection threshold (Power down or power up) 
On hook detection threshold (Power down or power up) 


mA 
mA 


Off hook/on hook hysteresis mA 
Dialing rate pulse/s 
Dialing distortion ms 
Off-hook response time (Ipc = 20 mA; power down) ms 
Ground key detection threshold Ki mA 
Ground key detection response time (I = 20 mA) ms 
Ring trip detection threshold PONG:oG= mA 
Ringing frequency Hz 


Ring trip delay (Ipc = 15 mA, Ring frequency = Fr) 5 


Teletaxe sending 


ie characteristics (without TTX signal) 


- 2 Wire port 
Overload level (100 < # < 4000 Hz) 
Return loss (300 < f < 3400 Hz) 
Longitudinal impedance (on/off - hook - r = protection P TC) 
Longitudinal balance 

100 < f < 3400 Hz 

100 < f < 3400 Hz on - hook 
Longitudinal signal generation (100 < f < 3400 Hz) 
Longitudinal handling capability (on/off hook) 

= 4 Wire port 
Overload level RX/TX 
TX output offset voltage 
RX input offset voltage 
TX output impedance 
RX input impedance 
Insertion loss RX to line, line to TX 
(f = 820 Hz, Vrx/Rx = 0 dBm) 

Frequency response (300 < f < 3400 Hz) 
Gain linearity 
Vv: + 3to- 40 dBm 
a: - 40 to - 50 dBm 
- 50 to - 55 dBm 


Transhybrid loss 
(with theoretical ext. comp. values level 0 dBm) 
Harmonic distortion RX/TX 

(O dBm, f = 820 Hz) 

Noise (VTX/VLINE) 


PSRR (F = 300 to'3400 Hz) 
Relay driver 


Sinking current 
Leakage current 

Voltage drop (switch on) 
Breakdown voltage 


Digital interface 


[Geskiregueney Sd 8 
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PHYSICAL DIMENSIONS 


CB-501 


WU 
Output n*1 | | 
sist ta leteletal ea 


CB-132 
soto FLTC 
am that: 


(1) Nominal dimension 
(2) True geometrical position 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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NOTES 
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EFB7332 


PCM LINE TRANSCEIVER 


The EF 7332 provides the interface between a 2.048 or 1.544 
Mbits/s PCM trunk and the switching equipment. The receiving side 
amplifies and reshapes the bipolar signals from a receive transformer 
and extracts from the signals the distant clock Hd. On the transmit- 
ting side it calibrates pulses in terms of duration and amplitude by 
means of transistor circuits directly coupled to the primary winding of a 
transmit transformer. . 


e NMOS technology. 

e Operates from + 5 V supply. 

e Digital technology throughout. 

e Extracts distant clock transmitted by a PCM trunk. 

e Can handle peak to peak jitter amplitude up to 0.25 bit for an 8-bit 
period. . 

e Integrated transmit and receive amplifiers. 

e TTL-compatible input/ output. 


BLOCK DIAGRAM 


RECEIVE 
BISTABLE 


OPEN ORAIN 


BISTABLE OPEN ORAIN 
"| Se 
8 
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NMOS 


PCM LINE TRANSCEIVER 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


C SUFFIX 
CERAMIC PACKAGE 


PIN ASSIGNMENT 


Réf. 05015 


EFB7332 


PIN DESCRIPTION 


Power supply 


Description 


| 5 16 384 kHz or 15352 kHz clock (minimum high and low dura- 
tion: 20 ns) 
Synchronises outputs JE*, JE- and Hd. 
| 18 Bipolar signals in HDB3 code are received from the receive trans- 
| 14 former. The amplitude of these signals is between -5 V and +5 
V. Each positive pulse on HDB3+ (HDB3-) resynchronises the 
circuit clock and is reconstitutedin calibrated form on output JE* 
(JE-). Negative pulses have no effect on this circuit as the inputs 
are protected. 
6) Z Data Received HDB3 signals are resynchronised with Hd and cali- 
6) 4 Output brated in terms of amplitude (TTL LS compatible levels). 
(1/ C trunk) The distant clock is recovered from the signal on HDB3+, HBD3-. 
0 9 Distant clock | The nominal frequency is 2 048 kHz or 1544 kHz in the absence 


output of jitter. 


Clock 


Local clock, nominal frequency 2048 kHz or 1544 kHz. 


trunk) of ‘'1"’ level of H1. These outputs are protected against short- 


circuits by current limiting internal to the circuit. 


Data The data is recognised on the falling edge of H1. 
| input 
(O/ G trunk) 
| Jt+ Data These open drain outputs are connected to the windings of the 
| JT- output transmit transformer. Recognition of a ‘'1’° on JS+(JS-) grounds 
(transmitted | the winding of transformer connected to JT* (JT-) for the duration 
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FUNCTIONAL DESCRIPTION 


Receive path 

The PCM Line Transceiver receives directly from the 
receive transformer on inputs HDB3+ and HDB3- 
data in HDB3 code. It synchronises this data by 
means of the clock on input t61 and converts it to 
voltage pulses of calibrated duration on outputs JE+ 
and JE=. To be recognised correctly by this circuit 
the received data must satisfy minimum and 
maximum duration conditions (Cf. page 4). 


Distant clock Hd is provided by a counter which 
divides by 8 the frequency of the clock t61. This 
counter is resynchronised with the data of the PCM 
trunk on each positive-going edge at HDB3+ or 
HDB3-. The period 0.25eb of Hd may vary by 
within a period of 8 eb without degradation of the 
phase relationships between JE+ JE- and Hd (Cf. 
‘receive timing diagram No 1). If the variation occurs 
in an interval exceeding 4 eb.but less than 8 eb the 


phase relationships between JE+, JE- and Hd are 
modified (See receive timing diagrams 2 and 3). 


In all cases outputs JE+ and JE- remain stable on 
either side of the falling edge of Hd so as to be 
sampled correctly by the EF7333. 


Transmit path 


The signals JS+ and JS- to transmit are sampled on 
the falling edge of clock signal HI and calibrated by 
the duration for which this signal is high. 


Open drain outputs JT+ and JT- drive the primary 
windings of the transmit transformer directly. They 
are protected against overcurrents occurring should 
the secondary windings of this transformer be short- 
circuited, in which case the primary behaves as a very 
low resistance connecting the output to supply rail 


VDD. 
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TIMING DIAGRAM 


1 — EXTERNAL SIGNALS WITH JITTER <0.25 BIT WITHIN 8-BIT PERIOD 


t=C 
|__| ____— 
| | | 
161 ROLL LP LpPlLpLlp Lr LylLy Ly Ly) LS LS LSS 
. | | | | 
| 4xt 4xt 
| -+ | 
HDeB3* wil | 
| | | ] : 
- | | | | UW ~ | }- 
HDB3 eal 
(arc fnrvec 


r=c' 
S$ 
| | 
‘6’ ASL Lr eye LU LY LPL Lu ee 
| | | 
| | 3xt | 3xt 
| 
ie | 
7 | | | 1 = 
HDB3 = | 
i et=c! 4xt=c' 
a 
: 
Je re ee | t 


ct = CONSTANT 
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3 — EXTERNAL SIGNALS WITH HDB3 + AND HDB3 — SIGNAL PERIOD 10 x t. 


| esaaee 4acec" | | 
| et ——§t> | eet} er 
| 
= oo = 
Je | 4xrt=c! | 
— | | | 
i 
: | | 
Hd l LS 
|) gxt=ct_ | 3xtra=ct _! | 
[$$$ |__| 
| | 10x41 | 
| | 
TRANSMIT 


| i | | | 
[+ 
; —— 
| 


Ct = CONSTANT 
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EF7332 OPERATING RANGE AS A FUNCTION OF JITTER AND FREQUENCY 


PEAK TO PEAK AMPLITUDE (IN BITS) 


1 BIT = 488 ns 


1024 


“ - 
256 ae 
64 OPERATION 


32 


CORRECT 
OPERATION 


64 16 4 1 


4096 1024 256 
2048 512 128 32 8 2 Tg (BITS) 


620 2103 8 109 32 10° 28 103 5 10° fg (Hz) 


- - - Ty | 


Tg =« PERIOD » OF THE JITTER IN BITS 


fg = « FREQUENCY » OF THE JITTER IN Hz 
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TRANSMIT PATH 


Pulse limiting curves for 2 048 kbit/s CEPT PCM trunk. 


The limiting curves below are for a resistive load of 120 Q connected across the secondary winding of the transmit 
transformer. ‘ 


244 ns + 25 ns 


IDEAL 


| 244 ns — 50 ns 


244 ns — 25 ns 


os: 5 1. 
488 ns 488 ns 
-INTERVAL WITH PULSE INTERVAL WITHOUT PULSE 
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TYPICAL APPLICATION 


USING EF 7333 AND EF 7332 IN A 2048 Khz PCM LINE 
FOR DATA TRANSMISSION/RECEPTION AND FRAME MONITORING 


EF 7333 
T61 i) EF 7392 


PCM Rx SIDE 


DOUO YU 
= 
0 
ies] 
Ww 
| 
e ° 
a 
m 
@ 


Rx T CONNECTIONS TO 
MICROPROCESSOR 
FOR LINE MONITORING 


LINE PHYSICAL CHARACTERISTICS: 


TWISTED PAIR WITH 120 Ohm IMPEDANCE oT . - JSt 


PCM Tx SIDE 


a 
‘aaaw! > 
N0000 O 

fe) 


Ms 
e 


HL > EF 7332 


i 
qj 
* 


T61  : 16384 Khz CLOCK 

Rx T  : LINE RECEIVE TRANSFORMER 
TT  : LINE TRANSMIT TRANSFORMER 
HL : LOCAL 2048 Khz CLOCK 


NOTE : EF 7332 LAY OUT CONSIDERATIONS: FOR CORRECT OPERATION OF TRANSMISSION 
DRIVERS A 100 nF DECOUPLING CAPACITOR MUST BE CONNECTED TO VDD AND 
LOCATED AS CLOSE AS PRACTICAL 
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EFB/332 


ABSOLUTE MAXIMUM RATINGS 


|Rating Value | Unit _| 


Supply voltage Sime Vss -0.3V 2 Vpp V 
=Vss27V 
V 


Input voltage range Vss-03V2Vi> 


(except inputs HDB3 + Vop + 0.3 V 
and HBD3-) 


Maximum power Pmax = 250 mW mw 
in O°C to 70°C range 

Storage temperature Tstg - 55°C to + 150°C °C 

range 


STATIC ELECTRICAL CHARACTERISTICS - TYPICAL VALUES ET + 25°C 
Ambient temperature range: O°C to + 70°C. 


Positive power supply 


Vpp ; , V 
Supply current | ipp | +475 | 20 | 30 | ma _| 
Stray capacitance between one input and ground 
(outputs loaded with C; = 25 pF) 
Inputs 


Voltage at input HDB3*/ HDOB3- 

when low 

when high 
Resistance at input HDB3*/ HDB3- (inverse voltage) 
Voltage at input JS*/ JS-/ H1 (V; =- 5 V) 


when low 

when high 
Voltage at input t61 

when low 

when high 


Output 


Voltage at output Hd/ Je*/ Je- 
when low (lo, = 0.4 mA) 
when high (loH =- 40 yA) 


Voltage at output JT*/ JT- when low | = | 750 
(RL=175 Q to Vpop) 


Current at output JT*/ JT- when high 
(VoH = 12 V9 
Current at output JT*1 JT- (output current limited) 
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EFB7332 


DYNAMIC CHARACTERISTICS - 
Typical values at + 25°C (o°C < Ta < + 70°C) 
Clocks 


Characteristic 


Clock T61 (Fig. 1) 
Duration 
when low 
when high 


Clock H1 (fig. 3) 


Fail time 
Rise time 


Inputs 


Inputs HDB3*/ HDB3- (f = 12352 kHz, fig.2) 
Min. pulse duration (f = 16384 kHz) 
Max. pulse duration (f = 16384 kHz) 
Inputs JS*/ JS= (fig. 3) 
Set up time 
Hold time 


Outputs 


Outputs JE*/ JE- relative to Hd (Ci = 25 pF, fig. 4) 
Set up time 
Hold time 
Fall time 
Rise time 


Outputs JT*/ JT- (RL = 175 : to Vop. Fig. 5) 
Pulse duration (Cy = 25 pF) 
Hy = 2048 kHz 
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EFB7332 


SS aS SE SS TT TS SEE ES ESE I PS 


CASE CB-79 


C SUFFIX 
CERAMIC PACKAGE 


“P SUFFIX 
PLASTIC PACKAGE 


mm 


a a ne Sn Se 


177 max 


(1) Nominal dimension 
(2) True geometrical position 


WV 16 pins 


y 
i. rt is oso 
THOMSON 
CEI JEDEC SITELESC SEMICONDUCTEURS 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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EFB7332 
a aad 


FIG.1 

FIG. 2 

FIG.3 

FIG.4 
FIG.5 AL t, < 250ns 
to > 238 ns 
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EF 7333 


CEPT PCM TRUNCK CONTROLLER 


The basic function of the CEPT PCM trunk controller is to synchronize a 
PCM interface with the local exchange clock. The EF7333 is provided as 
part of a kit also containing the EF7332 PCM line transceiver. In addi- 
tion to its basic function, the device also features: 


INCOMING LINK PROCESSING FUNCTIONS 


Input signal HDB3, binary or bipolar decoding, 
Frame synchronization with local clock, 

Line jitter absorption, : 

Frame skip/doubling, 

Receive error detection and alarm generation, 
Remote alarm extraction. 


OUTGOING LINK PROCESSING FUNCTIONS 


@ Insertion of synchronization data into outgoing frames, 
® Output signal binary, HDB3 or bipolar coding, 
@ Receive fault alarm transmission. 


OUTLINE SPECIFICATIONS 


NMOS technology, 

5 V supply, 

Low power consumption (200 mW), 

Conforms to CCITT Recommendation G.737, 
Operates in stand-alone mode or with marker interface. 
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NMOS 


CEPT PCM 
TRUNCK CONTROLLER 


CASE CB-132 


C SUFFIX 
CERAMIC PACKAGE 


TE 

AV 

SAUT 
STR2 
COMTEST 
JS 


Ref.01910 


EF7333 


BLOCK DIAGRAM 
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EF/333 


PIN DESCRIPTION 


POWER SUPPLY 


PIN . 
ce cvpE ce _ FUNCTION DESCRIPTION 


Vop Power) 28 Power Supply +5V +5% 


CLOCKS 


RECEIVE 


STR2 Synchronization Local clock frame synchronization signal frequency 4 kHz 
, Frame Signal 
Toa 
JE 8 Input Trunk 
JE 7 
JS Binary 
Data Output 


JDSY 


Remote clock synchronizing incoming data at JE”, JE-, 
frequency 2048 kHz (jitter-free) 


Local clock synchronizing outgoing data at JS, 1s". Js; 
frequency 2048 kHz 


= 
= 


Data from remote interface at frequency of Hd, normally in 
HDB3 code 


Binary data from remote interface, restored to frequency of 
HL 


Loss of interface synchronization alarm: three consecutive frame 
alignment codes or three consecutive identifier absent. 


Alarm 


Alarm Error rate alarm, as measured on incoming interface as per CCITT 
Recommendation G.737 


PIN 


TYPE FUNCTION DESCRIPTION 


al a) 
m 


Alarm Loss of frame alignment at remote end alarm: bit 3 in timeslot 
TSO of odd frames received from remote interface set to 1 


PVTd 


Alarm Loss of frame alignment alarm: no frame alignment code in time- 
slot TSO of even frames from incoming interface 


PVTL 


Alarm Alarm indication signal: more than 75% bits at 1 in messages 
received from remote end 


SIA 


Alarm Remote clock Hd absent 


SAUT Change of state on each frame skip/doubling operation 


"1": frame skip 
HD faster than HL _ 


0": frame doubling 
HD slower than HL 


F4AkHz 


z 
N 
oO 


Alarm Remote clock output, frequency 4 kHz 
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EF7333 


PIN DESCRIPTION (Continued) 


PIN Z | 
SE N° FUNCTION DESCRIPTION 
STR! 27 Synchronization Frame synchronization signal from transmit clock, frequency: 
Frame Signal 4 kHz . 


Binary Binary data from local exchange synchronized by HL 
Data Input 


11 Output Trunk Transcoding of data received on input JE, 
10 


e 


synchronized by HL 


Mode Select Selects transmit/receive information coding/decoding mode 


Test Commands test providing for insertion of a code at the outgoing 
Command interface in order to test the network: - ; 


10101100 in even frame timeslots 
01010011 in odd frame timeslots 


i?) 

O 

= 

=f 

Mm 

ip) 
-—t 


Validation Signal validating ATC, ITC, DO 
Signal 


Address Internal register addressing input (R1...R6) 
Register Input 


Data input for internal register addressed by ATC 


Register 
Content Input 


Register Data output for internal register addressed by ATC 
Content Output (in high impedance state when PR = 0) 


Marker Operation with marker interface 
_ Interface Select 


MQ | 


0 
oO 
EE 
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EF7333 


CASE CB-132 


C SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


ay anes MRE eRie ee ee ese ane eee es y 
ASIE | | | oF 144 
q t | bata i JE DEC SITELESC 
ORDERING INFORMATION 


| EF7333 | C| | | 
PART sousee | | = QUALITY LEVEL 
PACKAGE OPER. TEMP. 


The table below horizontally shows all available suffix combinations for package, operating 
temperature and quality level. Other possibilities on request. 


| ranrwunsen | __raceace | oven rewe | auauiry even 
od a 


Examples : EF7333C, EF7333P 


C : Ceramic DIL, P: Plastic DIL, L* : 0° to+ 70°C, * : may be omitted. 
Quality levels in accordance with NFC 96883 - ** : No end-suffix for standard level products. 


These specifications are subject to charge without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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EF7333 


De ea aaa aaa 


LIMITING CURVES FOR JITTER ABSORBED BY EF7333 


Without loss of information or frame skipping 


AMPLITUDE 
(BITS) 


_” Curve associated with frame store 


Curve associated with write time 
ee select device 


10° 10° 10° 1 10! 10° 10° FREQUENCY 
(kHz) 
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Registers R1...R6 access 


PR | 
| | 
| | 
me PaiTazTas] - | 
| { 
| | 
| | 
Ta TepTelalselelvlele| | a ie 
| | 
| | 
DO | | 
oi | 02 | 03 | 04 | 05 | 06] 07] 08 | 


EF7333 


ADDRESSING 


L E=0O Read 
L=0 E=1 Write 
L E 


=1 Write and then read 
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EF7333 


TIMING DIAGRAMS (Continued) 


MQHxX alarms 


Lee LY 
| 
| 


FRAME DOUBLING 
Un. 
‘ 


FRAME SKIP 


© LALA PLP 


JS Odd frame TS30 | Odd frame TS31 


JDSY alarm 


seine 20 ee ne 
et JE Even/odd frame TS2 (*) 
*Even frame TS2 if even CVT lost 


Odd frame TS2 if identifier lost 
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EF7333 


TIMING DIAGRAMS 


Outgoing interface synchronization by STR2 


JS Even frame 739 Even frame TS1 


(Byte 8) 


Incoming interface synchronization by STR1 


| 
STR1 an | 


JE Even frame TS) Even frame TS1 
(Byte 8) 
PVTd alarm 


> PLL 
| 


yet, JE~ Odd frame TS1 q Odd frame TS2 


WISISIIDIMS, 
PVTd 


PV TI alarm 


- tf ies 1 


ie’. JE Odd frame TS1 | Odd frame TS2 


I ALLTTTTT7 
PVTL ; 


TE alarms 


= 


ul JE | | Odd frame TS2 
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EF7333 


= 
. 
—_ 


FIGURE 1 


Hd (for JE*, JE-) 


HL (for JE, STR1, STR2, PR, ATC, ITC, COMTEST) 


FIGURE 2 bao] ag 


Hd (for F 4 kHz) 
HI (for JSt, JS~ , JS, DO) 


FIGURE 3 
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EF7333 


ABSOLUTE MAXIMUM RATINGS 


Ss = = 
upply voltage 0.3V <Vop Veg <7V 


Input voltage 
Maximum power dissipation ae Pmax = 600 mw 
Storage temperature range —55°C to 125°C 


STATIC ELECTRICAL CHARACTERISTIC-TYPICAL VALUES AT 25°C 


Ambient temperature range: O°C to 70°C 


Characteristic 
Supply voltage 
Power consumption 
Stray capacitance between one input and ground 


Stray capacitance between one output and ground 


Input low voltage 

Input high voltage 

Input low current (Vv, =0V) 

Input high current (Vv, =Vop) 

OUTPUTS 

Output low voltage oe =0.4 mA). 

Output high voltage (lon = 40uA) 

DO output leakage current (0.4V SVo <2.4 Vv) 


DYNAMIC ELECTRICAL CHARACTERISTIC-TYPICAL VALUES AT 25°C 


Ambient temperature range: 0’C to 70°C 


Characteristic 
Clocks Hd, HL (fig. 1) 
Period Hd 
Duration when low Hd 
Period HL (Cyclic ratio = 1/2 + 5 %) 
Rise time 
Fall time 
Inputs JET, JE” /Hd - (fig. 2) 
Set up time 
Hold time 
Inputs STR1, STR2,PR, COMTEST, ATC, ITC, JE/HL - (fig. 2) 
Set up time 
Hold time 
Outputs JS*, JS, JS, F4 kHz (C, =50 pF)-(fig. 3) 
Propagation time 


Output DO (Cy =50 pF) - (fig. 3) 


Propagation time 


Alarms TE, SIA, JOSY, MOQHX, PVTd, PVTL, SAUT, AV are held for 512 Hd or HL clock pulses. 


Inputs AMI and MQ are wired to a fixec value {“0” or ’’1’’) according to the selected operating mode. 
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EF7333 


TYPICAL APPLICATION 


USING EF7333 AND EF7332 IN A 2048 kHz PCM LINE 
FOR DATA TRANSMISSION/RECEPTION AND FRAME MONITORING 


é EF7333 
T61 > £F7332 
® 
PCM Rx SIDE ee 
e . e e 
[ HDB3— — =. 
——_ 
s e é 
DO 
CONNECTIONS TO 
MO MICROPROCESSOR 
Rx T PR FOR LINE MONITORING 
| ATC : 
a ITC 
LINE PHYSICAL CHARACTERISTICS: 
TWISTED PAIR WITH 120 Ohm IMPEDANCE — jee 


NOTE : 


Tx T 
” EF7332 
Perr. a PCM Tx SIDE 
e = 
e 


LINE RECEIVER TRANSFORMER 


16384 kHz CLOCK 


LINE TRANSMIT TRANSFORMER 
LOCAL 2048 kHz CLOCK 


EF 7332 LAYOUT CONSIDERATIONS: FOR CORRECT OPERATION OF TRANSMISSION DRIVERS 
A 100 nF DECOUPLING CAPACITOR MUST BE CONNECTED TO VDD AND LOCATED AS CLOSE 
AS PRACTICAL. 
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EF7333 
SS SSS SSS Sse SSS hss SSS sD 


APPENDIX 2: ERROR RATE ALARM 


The error rate is calculated over a 5s period, interrupted If not, when the six wrong frame alignment codes 
as soon as the threshold (13 even frame alignment codes threshold is reached a new 5s count is begun, the TE 
wrong) is reached. alarm remaining at ‘1. 

The TE alarm then goes to ''1" and is reset only if the The TE alarm is disabled when the interface is desynchro- 
number of wrong frame alignment codes is less than six nized (JDSY = 1). 


in the next 5 s period. 


EXAMPLE 


[ ec] [isc] [scr] ZZ _ 
5s 5s 5s 5s 5s 


RAZ RAZ 


APPENDIX 3: ALARM INDICATION SIGNAL 


The frame examination covers 512 bits (1 double-frame), during this interval is two or tess, the alarm indication 
after which the JDSY alarm goes to '’1” if the circuit is signal (SIA) goes to ‘'1"’. 
desynchronized. If the number of ''0”’ bits in the frame 
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EF7333 


APPENDIX 1: FRAME ALIGNMENT LOSS AND RECOVERY ALGORITHM 


a Wait CVT 
P3 = 
Interface desynchronized 


ITO.TP.CVT 


1T0.TP 


CVT imitator 


ITO.TILNVT 


ITO.TP.CVT 


P7 


PS . 
ist wrong NVT 


P9 
2nd wrong NVT 


PO 
Interface 


P1 
1st wrong CVT 


ITO.TP.CVT 
ITO.TP.CVT 


P2 
2nd wrong CVT 


1TO.TP.CV 


Interface desynchronized 


CVT: Even frame alignment code correct 
CVT: Even frame alignment code not recognized 
NVT : Odd frame identifier correct 

NVT_: Odd frame identifier not recognized 


Pitbuttttd 
= 
fo} 


: Channel 0 timeslot 
(TO =: Channels 1 - 31 timeslot 
TP : Even frame 
Tl : Odd frame 
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EF7333 


— SSS SSS SSS SSS SSS 


. Transmit path 


The transmit multiplexing function provides for insertion 
at the outgoing interface of even or odd frame timeslots 
TSO contained in two internal registrers R1 and R2. 


The transmit clock, synchronized by signal STR1 , con- 
trols this multiplexig: Signal STR1 define the time at 
which bit 8 of the even timeslot TSO is present at the 
incoming interface input (frequency 4 kHz). 


In this operating mode, the content of the even TSO is 
X0011011 (R1) and the content of the odd TSO is 
X1XXXXXX (R2). 


In the absence of a programmed value (marker interface 
mode), bit 3 of the odd TSO applies the “OR” operation 
to the JOSY, TE and SIA alarms. 


According to the decoding mode selected for inputs Je” 
and JE, the code used for the data on outputs JS' and 
JS” will be as follows: 


@ AMI=0  HDB3code Outputs: Js* and JS 
@ AMI=1 Bipolar code Outputs: 18 and JS 
@® AMI=1 ~ Binarycode Output :JS° “OR” JS~ 


OPERATION WITH MARKER INTERFACE 


Input MQ is at '’1"" in this case. This operating mode 
provides access to six internal registers of the circuit: 
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R1: contains even frame TSO wired to X0011011 

R2: contains odd frame TSO wired to X1XXXXXX 

R3: contains programmable even frame TSO 

R4: contains programmable odd frame TSO 

R5: contains alarms (read only) 

R6: 1 bit indicating if loopback mode or not (test mode) 


The six registers are accessible by programming pins ATC, 
TFC. 


Pin ATC receives the registrer address and pin ITC receives 
the content to be written into the addressed register. The 
last bit of ATC is a read bit and the last bit of ITC is write 
bit. The register cotent may be read serially at DO. 


These registers are not initialized on powering up the 
circuit. 


pvto| pvTL | Manx | sosy male SAUT 


Content of register R5 


CIRCUIT TEST 


The COMTEST input is used to insert at the outgoing 
interface a test code which is 10101100 for all even frame 
timeslots and 01010011 for all odd frame timeslots. 


The 1-bit register R6 is used to loop the outgoing inter- 
face to the incoming interface when set to 1” (JS 
and JS” are JE” and JE~ by internal switching). 


In this mode, the remote clock is likewise replaced by the 
local clock. The even and odd timeslots TSO are then the 
contents of registers R3 and R4. 


EF7333 


re LL 


FUNCTIONAL DESCRIPTION 


NORMAL OPERATION 
Receive path 


The circuit decodes the data received on inputs jet and 
JE~. There are three decoding modes, selected ey 
to the state of the AMI pin: 


® AMI=0 HDB3code Inputs: JET and JE~ 

@ AMI =1 Bipolarcode Inputs: JE and JE7 

© AMI=1 Binarycode Inputs: JE with JE” =1 a 
: JE~ with Jet =1 

The data are then formatted in eight-bit words corres- 

ponding to a timeslot and presented to the frame memo- 

ry. 


The circuit synchronized the interface by analyzing the 
content of the channel 0 timeslots (TSO). 


The circuit is aynenronized when the following have been 
recognized: 4 


@ An even frame alignment code inframe Tn (X0011011), 
@ A identifier in frame Tn + 1(second bit of TSO at 1), 
@ An even frame alignment code in frame Tn +2, 


Loss of frame alignment (desynchronization) is declared 
on detection of the absence of three consecutive even 
frame alignment codes or three consecutive odd frame 
identifiers (see Appendix 1). In this case, the outgoing 
interface remains at ''1”. 


The remote clock, slaved to clock Hd, operates when the 
interface is synchronized. It delivers frame memory 
write addresses. 


The local clock, slaved to clock HL, is synchronized by 
signal STR2 which defines the time at which bit 8 of the 


even frame TSO is output by the outgoing interface 
device. 

It delivers the frame memory read addresses (frequency 
4 kHz). The frame memory capacity is 64 words x 8 bits 
(double frame). 


Jitter absorption: There are two devices within the circuit: 
Frame memory write time select. 


This provided for absorbing at least + 1 bit on each time- 
slot without loss of information at the outgoing inter- 
face. Write time selection and detection are instantaneous. 


Frame skip or doubling. 


This operation is initiated on reading frame memory 

address 63 (last timeslot of an odd frame Tn): 

@ If the write address is between 56 and 63 (write 
frame Tn + 2) reading is resumed at address 32. 
The even frame Tn + 1 is skipped on reading. 

@ If the write address is between 63 and 6 (write frame 
Tn + 1), reading is resumed at address 32. The odd 
frame Tn is read:again. 


Under limiting conditions for this correction operation, 
the jitter absorbed by the circuit without loss of infor- 
mation is at least + 8 TS. 


The circuit detects the following alarms: 

- Remote frame misalignment (PVTD), 

— Incoming interface frame alignment code absent 
(PVTL), 

— Incoming interface desynchronized (JDSY), 

— Error rate > 10°? (TE), 

— > 75% bits at '’1’’ in received data (SIA), 

— Remote clock Hd absent (MQHX), 

-- Frame skip or doubling (SAUT), 

— Clocks plesiochronous (AV). 
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CHAPTER 2 - MODEM ICs 


The EFB7513 is a single chip asynchronous frequency shift keying voice- 
band modem. Operating at rates up to 75, 1200 bit per second, it is 
compatible with the applicable CCITT recommended standards for V23 
type modems. This device provides the essential CCITT 24, V25 and V54 
terminal control signals at TTL levels. 


EFB7513 


CMOS 


SINGLE CHIP ASYNCHRONOUS FSK MODEM 


SINGLE CHIP 
ASYNCHRONOUS 
FSK MODEM 


CASE CB-180 


Monolithic device includes both transmit and receive filter 
Programmable modes : 

e 75 bds transmit / 1200 bds receive 

e 1200 bds transmit / 75 bds receive 

e 1200 bds full duplex on 4 wire line 

e Analog loopback. 

Fixed compromise line equalizer 

Receive and transmit clocks for UART (EF6850) 

Standard low cost crystal (3.579 MHz) — 

+ 5 % power supplies (+ 5 V, —5 V) 

DTMF filter and tax rejection notch-filter (kit with EFG7189 DTMF) 
3.579 MHz clock output available. 


P SUFFIX 
PLASTIC PACKAGE 


BLOCK DIAGRAM PIN ASSIGNMENT 


Modulator 
Digital to ar 
Transmit 
ce anse ws Mc/BC 
converter ¥ oo TxD 
! x 


MC BC CLK 


Reterence : RxCLK 
voltage TxCLK 
a I x 


Xtal IN 


Xtal OUT 
RDI 
DCO 
RxD 


Ref .00460 
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EFB7513 


PIN DESCRIPTION 


COMMON SECTION 
DESCRIPTION 


Positive 
power supply 


Negative 
power supply 


Ground Pin 10 serves as the ground return for the analog circuits of the transmit 
and receive section. The analog ground is not internally connected to the 
digital ground. The digital and analog grounds should be tied together as 
close as possible to the system supply ground. » 

Ground Pin 3 serves as the digital ground return for the internal clock. The digital — 
ground is not internally connected to the analog ground. The digital and 
analog grounds should be tied together as close as possible to the system 
supply ground. . 


Xtal IN Oscillator input This pin corresponds to the input of the inverter of the oscillator. It is 
normally connected to an external crystal, but may also be connected to a 


pulse generator. The nominal frequency of the oscillator is 3.579 MHz. 


Xtal OUT Oscillator output This pin corresponds to the output of an inverter with sufficient loop gain to 
start and maintain the crystal oscillating. 


Regulated voltage This output carries an internally regulated reference voltage. By means of an 
external potentiometer connected between VREF and GNDA, an adjustable 
reference voltage may be applied to RSA. The adjustment of RSA is to 
optimize the discrimination of high and low frequencies of the same channel. 
The voltage applied to RSA is approximately VREF/2. 


je} This output delivers a clock signal, the frequency of which is 3.579 MHz. 


Main channel/ This input selects transmission on the main channel or back channel and de- 
back channel fines the modulation rate according to the European standards. 
(refer to functional description). 


TRANSMIT SECTION 


Request to send When a low state is present on input RTS, the EFB7513 delivers on output 
_ ATO a sinusoidal signal at a frequency which depends on input TxD. When a 
high state is present on input RTS, output ATO is:connected to DTMF filter. 


Transmit data This input selects the high frequency or low frequency at the Analog transmit 
output pin (ATO) : 
e a high state selects the low frequency, 
e a low state selects the high frequency. 


Transmit clock This output delivers a clock signal, the frequency of which is 16 times the mo- 
dulation rate ( + 1 %). The logic state duration is compatible to the UART clock 
specification. 


Analog transmit When a low state is present on RTS, the EFB7513 delivers on output ATO a 
output sinusoidal signal centered on the analog ground. 
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EFB7513 


RECEIVE SECTION 


TEST 7 Loop back mode 
Receive filter 
output 


When this input is high, the demodulator is tuned on the transmission modu- 
lation rate to the loop back mode or to the 4 wires full duplex operation 
mode. When TEST is low, the modem is in normal operating mode. 


This analog output must be connected to a high-pass filter and slicer, with 
sufficient gain to satisfy the level detection conditions. 


DTMF Dual tone Analog input receiving a signal from a dual tone multifrequency generator. 
multifrequency Transmitted spectrum of DTMF signal matches the gauge in Annex III. 
input 


Receive analog 
input 


Input for modulated analog signal of amplitude lower than 4 V peak to 
peak and centered on analog ground. 


Receive This is the input of the demodulator. The analog signals are passed through 
demodulator input | level detection comparators and zero crossing detector. 


Receive slicer Input of the decision comparator optimizing discrimination between high 


adjust and low frequencies. 
ye 
RxCLK 7 Receive clock 


Data carrier detect | This output is low when the EFB7513 receives on input RDI a signal with 
amplitude higher than N1. 

This output is high when the EFB7513 receives on input RDI a sinusoidal 
signal with amplitude lower than N2. Within the N1 — N2 range, the detec- 


tion system presents an hysteresis. 


This output is low when a high frequency signal is present on input RDI, and 
high when a low frequency signal is present on input RDI. Without carrier 
on pin RAI, this output is high. 


This output delivers a clock signal, the frequency of which is 16 times the 
demodulation rate. (+ 1 %) The logic state duration is compatible to the UART 
clock specification. 


EFB7513 


errr a 


FUNCTIONAL DESCRIPTION 


CLOCK GENERATION 


Crystal : 
NYMPH, NYP 035A-18 


3.579 MHz 
c LI 


Cc * 


tT 


CMOS CLOCK Xtal IN 


Xtal OUT N.C. Xtal OUT 


| 
4 
| 
I 


*Capacitor values vary with different crystal manufacturers ; typical value : 12 pF 


With a minimum number of external components, the 
EFB7513 performs all the functions of modulation, de- 
modulation and filtering necessary to meet the require- 
ments of CCITT Recommendation V23. 


This circuit is in five parts : 

® a modulator 

@ a demodulator 

@ aclock generator 

@ a reference voltage generator 
@ aDTMF filter. 


Note : The description of the demodulator also covers a 
subsystem, external to the circuit proper and having the 
following functions (refer to paragraph CALCULATION 
OF CIRCUIT ELEMENTS). 


®@ high-pass filter 
@ amplification 
@ slicer. 


MODULATOR 


When input RTS is low, output ATO delivers a sinusoidal 
signal, the frequency of which depends on MC/BC and 
TxD. 
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DEMODULATOR 


When the analog signal on RDI conforms to certain crite- 
ria, output DCD detects it and output RxD delivers a di- 
gital signal, the logic state of which depends on the analog 
signal frequency. 


CLOCK GENERATOR 


This part of the circuit generates from a 3.579 MHz crys- 
tal all the internal clocks necessary to the correct perfor- 
mance of the EFB7513 : the clocks for the switched 
capacitor filters as well as those for the sinewave gene- 
rator. The circuit delivers on RxCLK and TxCLK, the 
transmit and receive clocks for the UART. It also delivers: 
on CLK a buffered clock at 3.579 MHz. 


REFERENCE VOLTAGE GENERATOR 


This part of the circuit generates a regulated voltage on 
VREF which is used to adjust detection thresholds. It is 
independent of power supply values. 


DTMF FILTER 


This part of the circuit receives a signal from a dual tone 
multi-frequency generator and transmit through ATO a 
filtered signal when RTS is high. 
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FUNCTIONAL CHARACTERISTICS 


MODULATOR 
@ Modulation conditions: 


DTMEF signal 


@ Transmitted frequencies : 


FSK modulated signal |. 


(for details of frequency selection see PIN DESCRIPTION - ATO) 


390 +2 
450 +2 


v* 1200 bauds_) | '’H” 


1300 + 10 
“Le 2 100 + 10 


Frequency generated 


= ; R.35 and V.23 
MC/8C TxD Recommendations (Hz) | from a 3.579 MHz crystal 
75 bauds "HH" 
oe LY 


389.52 
450.20 


1 299.70 
2 097.40 


DEMODULATOR 
@ Frequencies received on RDI 


Analog signals centered on analog ground are received on input RDI. 


RECEIVE DEMODULATION RATE 


The receive demodulation rate depends on MC/BC and TEST inputs as follows : 


@ Level detection conditions 

Input RDI drives a signal detector the output of which 
(DCD) is at logic 0” if the level of signal RDI is higher 
than N1. The output of this detector is at logic 1” if 
the level of signal RDI is lower than N2. This detector 
has an hysteresis effect : N1/N2. 


@ Timing detection conditions 
The timing performance of the level detector (DCD) 
conforms to CCITT Recommendation V.23. 


Under normal working conditions, output DCD is : 

e low if signal RDI conforms to the level detection con- 
dition, 

e high if signal RDI does not conform to the level 
detection conditions. 


MC/BC TEST DEMODULATION RATE FREQUENCIES 
(recommendation V23) 


1300 + 16 
2100 +16 


1300 + 16 
2100 + 16 


Output DCD goes from high to low when signal RDI 
conforms to the level detection conditions for 20 ms or 
more (respectively 80 ms for 75 bauds). 


Output DCD does not go from high to low when signal 
RDI conforms to the level detection conditions for 10 
ms or'less (respectively O for 75 bauds). 


Output DCD goes from low to high when signal RDI 
does not conform to the level detection conditions for 
15 ms or more (respectively 80 ms for 75 bauds}. 


Output DCD does not go from low to high when signal 
RDI does not conform to the level detection conditions 
for 5 ms or less (respectively 15 ms for 75 bauds). 
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DCD 


RxD 


| Modulation rate _| rate DCD transition | Min | Typ (1) | Max | Unit 
1200 bds T 7 
72 


(1) Typical values for Ta = 25°C and nominal power supply values. 


@ Demodulated signal 
Under normal working conditions, signal RxD conforms to the following table : 


Demodulation Level Frequency received 
rate received on RDI on RAI (Hz) 


1200 bds 


e REFERENCE VOLTAGE GENERATOR 


The VREF output carries a regulated reference voltage. 


An external potentiometer, connected between VREF and GNDA, can supply a regulated voltage to 
input RSA. 


Adjustment of RSA optimizes the discrimination between the high and low frequencies. 
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CALCULATION OF CIRCUIT ELEMENTS 


The following factors must be considered in calculating : 
the external components in the EFB7513 application : 


@ Signal amplification introduced by the receive filter is 
4dB. 


@ The maximum permissible level at RAI input is 4 Vpp 
(+5 dBm). 


-Note : the reference frequencies are 2100 and 525 Hz. 


© A 4B hysteresis is introduced within the two signal 
detection level N1 and N2, in accordance with CCITT 
Recommendation V.23. 
To be centered, the two limit values of the CARRIER 
DETECT signal are therefore : 

— Upper : - 43 dBm, or 15.5 mVpp 

— Lower:-48dBm, or 8.7 mVpp 


@ For acorrect operation of the EFB7513 signal detec- 
tor, the peak-limiting filter must remain linear up to —43 
dBm on line. 


@® At input RDI, the upper threshold level N1 of the si- 
gnal detector is 2.8 Vpp (2.1 dBm), and must correspond 
to the minimum signal level received from the line trans- 
former. With a duplexer reception gain of + 6 dB, the 
peak-limiting filter gain is defined by : 

A= 43 —6 — 4 +2.1 = 35.1dB (a ratio of 57). 


Note : The peak-limiting filter gain must be adjusted ac- 
cording to the minimum level on line. With a minimum 
level of : 

- 38 dBm, A= 30.1 dB 

-~ 33 dBm, A = 25.1 dB 


eee eed 
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RDI 


TYPICAL PEAK-LIMITING FILTER CONFIGURATION 


ENVIRONMENTAL FUNCTIONAL DESCRIPTION 
(Refer to typical application) 


‘Transmit section 
The transmit section comprises a single operational am- 
plifier capable of driving a load of 600 92, which can also 
be used to adjust the transmit level. 


Duplexer 

This amplifier provides the 2 wire/4 wire separation func- 
tion and enables a low cost standard non differential 
transformer (ratio 1:1) to be used. The duplexer princi- 
ple provides a gain of 6 dB for the received signal. 


OEE 


Peak-limiting filter 

This section is‘made of two operational amplifiers and 

performs three functions : 

® peak-limiting amplifier, designed to meet the signal 
detector levels according to the signal received from 
the phone line. 

®@ High-pass filter (12 dB per octave) to overcome the 
DC component of the signal to be demodulated. 

® Low-pass filter to protect against the inherent noise 
of the receive filter. 


TYPICAL PERFORMANCES 
These typical performances are achieved with the measu- 
ring equipment described in Annex |. 


® Transmitted spectrum 


On output ATO, the transmitted out of band signal ener- 
gy must conform to the following specification : 


0 db 


25db 


f(kHz) 
55 db 


a <a (Eee aie eee epee ee eee 


3.4 
@ Receiver 
Measurement conditions 
Local transmit level: -10dBm on 75 baud back channel: 
Receive level : —25 dBm, with 511 bit pseudo-random 
test pattern. 


Isochronous distortion 


Table below shows the typical isochronous distortion 
values obtained with the EFB7513, which conform to 
the french CCETT specifications for videotext applica- 
tions. The characteristics of CCETT lines used for measu- 
rements are given in Annex II. 


| LINE =~—s*4/[11200 RECEPTION | 75 RECEPTION 


| bine rift) | tom | am 
ee a ee ee 
| tines | 8% TH 
| ee | 


Bit error rate — 


The typical bit error rates versus white noise are as follows. 
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ANNEX ! 


1 — MEASUREMENT SYSTEM 


ee ~*~<“«*‘“i Application board 


ann RR 
' 


I | 
H ' EFB7513 : | 
| ia Transmit Receive pie 99 we 
| | Ds ee | eeeeee Digital signal 
! i INTERFACE 1 | 
| oi 1 | 
ee ae ae eee. 
' 
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i n . Sa 
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! ssiaueee ba | | 
! Programmable | | Multimeter ! | Modems | ! GADEM* | | Line 1; Selective 1! Sinus | 
tt ; Emitter ae 1; Simulator | | Voltmeter | , Generator '! 
| Power supplies | | | ! EF7510 ; Generator : | 
' 14 ! I Analyser 1] | ' 
15x0.200V2A !! FLUKE 1 TRTLSI1211 11 ofData tt AEA |! HP3586 11 HP3336 1 
| sopitec || 8502 1! 1! forModem ! ! $3 1 120 Hz - 30 MHz! 110 Hz - 21 MHz | 
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{| Controller |! Graphic | 
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ANNEX Il 
CHARACTERISTICS OF TEST LINES 


dB CCETT Line 1 (Flat) ms dB CCETT Line 2 (10 %) ms 


2 


ATTENUATION DISTORTION 
NOILYOLSIG AV130 dnoYwd 
ATTENUATION DISTORTION 
NOILYOLSIG Av14d0 dnowd 


0 1000 2000 3000 Hz 


dB CCETT Line 3 (90 %) ms 


CTT laé 
ae 7s ae 
7 a 


‘ 5 ae > mm oe a a | Toe i || re 
WO 
ay cA ar 

! 7 =e 


ATTENUATION DISTORTION 
o =) 


NOILYOLSIO AV1a0 dNnoYuD 
ATTENUATION DISTORTION 
NOILHOLSIO Av130 dNouD 


ANNEX Ill 


SPECTRUM OF DTMF SIGNAL 


ee Sel eel 
eee ee a ee 
FT tT TENG FE TT 
Se See Vail 
P| tt ET NWT 
Ee 


- 30 dBm 


K17 CCITT specification for 
telephone set gauge. 
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ANNEX IV 


EFG7189 


DTMF GENERATOR FOR BINARY CODED 
HEXADECIMAL DATA 


CMOS 


DTMF GENERATOR FOR 
BINARY CODED 
HEXADECIMAL DATA 


This CMOS circuit is designed specifically to provide, with a minimum 
number of external components, a low cost DTMF dialer for micropro- 
cessor-controlled telephone sets operating in accordance with existing 
standards. The 4 bits identifying the frequency pair to be generated may 
be supplied via either 5 connections between the EFG7189 and the mi- 
croprocessor in parallel format or in serial format through 3 connections 
-linking the EFG7189 to the microprocessor. This feature eliminates the 
necessity to simulate keyboard-type inputs normally required by standard 
DTMF generators. Input data is stored on trailing edge of ISA signal. The 
tone pair selected by this code is generated while ISA remains low. With 
ISA high, the oscillator is inhibited and the device is in standby mode. 
SA pin is connected to V~ while device is outputting any tone pair. 


@ Generates 16 standard DTMF tone pairs 
Uses low cost 3,579 MHz crystal 

Direct microprocessor interface 

Accepts 4-bit data in serial or parallel format 
Data is stored during transmission period 
Low harmonic distortion 

High group pre-emphasis 

Low power consumption in standby mode 
Pull-up to V* on all logic inputs. 


CB-98 P SUFFIX 
PLASTIC PACKAGE 


1 


P SUFFIX 
PLASTIC PACKAGE 


BLOCK DIAGRAM PIN ASSIGNMENTS 


TO-116 
_ (CB-2) 


. Low group D/A NC 


OSC OUT 


High group D/A 


EFG71891 


Ref.01915 
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ABSOLUTE MAXIMUM RATINGS * 


Supply voltage 


Analog input range 


Digital input range 
Operating temperature range 


*Stresses above those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of this speci- 
fication is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Standard 
CMOS handling procedures should be employed to avoid possible damage to device. 


ELECTRICAL OPERATING CHARACTERISTICS 


Positive Supply Voltage vt : 


Negative Supply Voltage , Vv 


V* Operating current 


V~ Operating cu rrent 


D.C. AND OPERATING CHARACTERISTICS | 
(Ta =0°Cto+ 70°C, V7=+5V25%,V =-5V+5%, GNDA =0V, GNDD = 0 V, unless otherwise noted). 


DIGITAL INTERFACE (TEST, RTS, DCD, RxD, TxCLK, RxCLK, CLK, TxD, MC/BC) 


Output low level current (Vo, =0.4V ) 


Input low voltage 


Input high voltage 


Note : 1 — Typical values are for Ta= 25° C and nominal power supply values. 
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D.C. AND OPERATING CHARACTERISTICS (continued) 
(Ta = 0°C to + 70°C, V* =+5Vt5 %,V- =5V+5%, GNDA = 0 V, GNDOD = OV, unless otherwise specified) 


ANALOG INTERFACE, RECEIVE FILTER (DTMF, RAI, RFO) 


Characteristic 


ae ae Ee 
| corn |= a8 


ANALOG INTERFACE, RECEIVE SLICER ADJUST (RSA) 
aC a 


ANALOG INTERFACE, TRANSMIT OUTPUT (ATO) 


Output DC offset, (RTS connected to V*) 
cu 


Output voltage swing (Rx = 10 k2,C, = 20 pF) 390 Hz 
450 H2z/390 Hz ampl. ratio 
1300 Hz 
2100 Hz/1300 Hz amp. ratio 


RTS attenuation ratio efficiency 


(1) Typical values for Ta = 25°C and nominal power supply values. 


_ 
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ANALOG INTERFACE, REGULATED VOLTAGE (Vpr_er) 


Output | Outputvoltage 


Load capacitance 


~ (1) Typical values for Ta = 25°C and nominal power supplies values. . 


DYNAMIC CHARACTERISTICS 


eee ose Tye [wen [vn | 
Coe 


RECEIVE FILTER TRANSFER CHARACTERISTICS | 


Characteristic 


Gain relative to gain at 2100 Hz 


(Maximum input signal) 


Absolute passband gain at 420 Hz 


Gain relative to gain at 420 Hz 


(Maximum input signal) 
i 


380 Hz 

460 Hz 
1100 Hz 
2800 Hz 
12000 Hz 
(2).16000 Hz 


(VRFO. RL = @) 


112 Hz 
900 Hz 
2000 Hz 
3000 Hz 
12000 Hz 
16000 Hz 


DTMF FILTER TRANSFER CHARACTERISTICS 


Characteristic 
Absolute passband gain at 100 Hz 


Gain relative to gain at 100 Hz 


DIGITAL INTERFACE 


Characteristic 


Capacitance 


Input rise-time, fall-time, measured between 0.8 V and 2.4 V 


Output rise-time, fall time between 0.4 V and 2.8 V (3) 


(2) This value refers to the integrated receive filter only , measured at RFO . The rejection value for the complete reception part 
must take into account the band-pass filter of the peak limiter (refer to CALCULATION OF CIRCUIT ELEMENTS). In this 
case the maximum gain relative to gain at 2100 Hz is — 60 dB at 16 kHz. 


(3) Driving one 74L or 74LS TTL load plus 30 pF. 
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CASE-180 


P SUFFIX 
PLASTIC PACKAGE 


{1} Nominal dimension 
(2) True geometrical position 


22 pins 


y 


F151 
SITELESC 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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EF 7910 


ADVANCE INFORMATION 


FSK MODEM 


The EF7910 is a single-chip asynchronous Frequency Shift Keying (FSK) 
voiceband modem. It is pin selectable for baud rates of 300, 600 or 1200 
bits per second and is compatible with the applicable Bell and CCITT 
recommended standards for 103/113/108, 202, V.21 and V.23 type 
modems. Five mode control lines select a desired modem configuration. 


Digital signal processing techniques are employed in the EF7910 to per- 
form all major functions such as modulation, demodulation and filtering. 
The EF7910 contains on-chip analog-to-digital amd-digital-to-analog con- 
verter circuits to minimize the external components in a system. This de- 
vice includes the essential RS-232/CCITT V.24 terminal control signals 
with TTL levels. 


Clocking can be generated by attaching a crystal to drive the internal 
crystal oscillator or by applying an external clock signal. 


A data access arrangement (DAA) or acoustic coupler must provide the 
phone line interface externally. 


The EF 7910 is fabricated using HMOS technology in a 28-pin package. All 
the digital input and output signals (except the external clock signal) are 
TTL compatible. Power supply requirements are + 5 volts. 


© Complete FSK MODEM in a 28-pin package - just add line interface 


© Compatible with Bell 103/113/108, Bell 202, CCITT V.21, CCITT 
V.23 specifications 


@ No external filtering required . 
~All digital signal processing, digital filters and ADC/DAC included on- 
chip 
Includes essential RS-232/CCITT V.24 handshake signals 
Auto-answer capability 
Local copy/test modes 
1200 bps full duplex on 4-wire line 


Pin-programmable mode section. 
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FSK MODEM 


CASE CB-132 


J SUFFIX 
. CERDIP PACKAGE 


PIN ASSIGNMENT 


Ret.01930 


EF7910 
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Figure 1. EF7910 Block Diagram 


2-18 


EF7910 


INTERFACE SIGNAL DESCRIPTION 
MCo-MC4 (CONTROL INPUTS) | 


These five inputs select one of thirty-two modem configurations 
according to the Bell or CCITT specifications listed in Table 1. 
Only 19 of these 32 modes are actually available to the user. 


Modes 0-8 are the normal operation modes. The 1200 Baud 
modes can be selected with or without a compromise equalizer. 


Modes 16-25 permit loop back of the EF7910 transmitter and 
receiver. No internal connection is made. The user must 
externally connect the TRANSMITTED CARRIERpin(Figure 2) 
to the RECEIVED CARRIER pin if analog loopback is required. 
For digital loopback, external connection of RECEIVED DATA 
and TRANSMITTED DATA Is required. Whenever @ mode in this 
group is selected, the effect is to set all transmit and receive 
filters to the same channel frequency band so that loopback can 
be performed. 


Modes 9-15 and 26-31 are reserved and should not be used. 
DATA TERMINAL READY (DTR) 


A LOW level on this input indicates the data terminal desires to 
send and/oy receive data via the modem. This signal is gated with 
all other TTL inputs and outputs so that a low level enables all 
these signals as well as the internal control logic to function. A 
HIGH level disables all TTL I/O pins and the internal logic. 


REQUEST TO SEND (RTS) 


A LOW level on this input instructs the modem to enter transmit 
mode. This input must remain LOW for the duration of data 
transmission. The signal has no effect if DATA TERMINAL 
READY Is HIGH (disabled). A HIGH level on this input turns off 
the transmitter. 


CLEAR TO SEND (CTS) 


This output goes LOW at the end of a delay initiated when 
REQUEST TO SEND goes LOW. Actual data to be transmitted 
should not be presented to the TRANSMITTED DATA input until a 

LOW is indicated on the CLEAR TO SEND output. Normally the 
user should force the TD input HIGH whenever CTS is off (HIGH). 


This signal never goes LOW as long as DTR is HIGH (disabled). 
CLEAR TO SEND goes HIGH at the end of a delay initiated when | 


REQUE END goes HIGH. 
CARRIER DETECT (CD) 


A LOW on this output indicates that‘a valid carrier signal is 
present at the receiver and has been present for at least a time, 
tcDONn. where tcpon depends upon the selected modem con- 
figuration (Table 3b). A HIGH on this output signifies that 
no valid carrier is being received and has not been received 
for a time, tCDOFF. CARRIER DECTECT remains HIGH 
when DTR is HIGH. Values for tcpON and tCDOFF are 
configuration dependent and are listed in Table 3 
TRANSMITTED DATA (TD) 


Data bits to be transmitted are presented on this input serially; 
HIGH (mark) corresponds to logic 1 and LOW (space) corre- 
sponds to logic 0. This data determines which frequency ap- 
pears at any instant at the TRANSMITTED CARRIER output pin 
(Table 3a). No signal appears at the TRANSMITTED CAR- 
RIER output unless is LOW and RTS is LOW. 
RECEIVED DATA (RD) 


Data bits demodulated from the RECEIVED CARRIER input 
are available serially at this output; HIGH (mark) indicates logic 
1 and LOW (space) indicates logic 0. Under the following 
conditions this output is forced to logic 1 because the data may 
be invalid: 


rrr tec mS tnt A A it ee SPAS TS A AS EN EEE 


1. When CARRIER DETECT is HIGH 

2. During the internal squelch delay at half-duplex line turn 
around (202/V.23 modes only) 

3. During soft carrier turnoff at half-duplex line turn around 
(202 mode only) 

4. When OTR is HIGH 

5. When RTS ON and BRTS OFF in V.23/202 modes sa 

6. During auto-answer sequence 


BACK REQUEST TO SEND (BRTS) 


Since the 1200 bps modem configurations, Bell 202 and CCITT 
V.23, permit only half duplex operation over two-wire lines, a low 
baud rate “backward” channel is provided for transmission from 
the main channel receiver to the main channel transmitter. This 
input signal (BRTS) is equivalent to REQUEST TO SEND for the 
main channel, except it belongs to the backward channel. Note 
that since the EF7910 contains a single transmitter, RTS and 
BRTS should not be asserted simultaneously. BRTS is mean- 
ingful only when a 202 or V.23 mode is selected by MCo- MCgq. In 
all other modes it is ignored. 
For V.23 mode the frequency appearing at the transmitted 
carrier (TC) output pin is determined by a MARK or SPACE at 
the back transmitted data (BTD) input (Table 3a). 
For 202 mode a frequency of 387Hz appears at TC when BRTS 
is LOW and BTD is HIGH. No energy (0.0 volt) appears at TC 
when BRTS is HIGH. BTD should be fixed HIGH for 202 back 
channel transmission. The signal, BRTS, then is equivalent to 
the signal, Secondary Request-to-Send, for 202 S/T modems, 
or Supervisory Transmitted Data for 202 C/D modems. 


BACK CLEAR TO SEND (BCTS) 

This line is equivalent to CLEAR TO SEND fo D for the main channel, 
except it belongs to the back channel. BCTS is meaningful only 
when a V.23 mode is selected by MCg-MCg. This signal is not 
used in Bell 202 back mode. | 


BACK CARRIER DETECT (BCD) 

This line is equivalent to CARRIER DETECT for the main 
channel, except it belongs to the backward channel. BCD is 
meaningful only when a 202 or V.23 mode is selected by MCo- 
MCy4. For V.23 back channel mode, BCD turns on when either 


* the MARK or SPACE frequency appears with sufficient level at 


the received carrier (RC) input. 


For 202 back channel mode, BCD turns on in response to a 
387Hz tone of sufficient level at the RC input. In this case BCD is 


equivalent to the signal, Secondary Received Line Signal De- 


tector, for 202 S/T modems, or Supervisory Received Data for 
202 C/D modems. 


- BACK TRANSMITTED DATA (BTD) 


This line is equivalent to TRANSMITTED DATA for the main 
channel, except it belongs to the back channel. BTD is mean- 
ingful only when a 202 or V.23 mode is selected by MCo-MCq. 
For 202 back transmission of on/off keying, BTD should be fixed 
at a HIGH level. 


BACK RECEIVED DATA (BRD) 

This line is equivalent to RECEIVED DATA (except clamping) for 
the main channel, except it belongs to the back channel. BRD is 
meaningful only when a V.23 mode is selected: by MCo-MCg. 
Under the following conditions this output is forced HIGH: 


1. BRD HIGH 

2. DTR HIGH 

3. V.21/103 mode 

4. During auto-answer 

5. When BRTS ON and RTS OFF in V.23 modes oe 
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TRANSMITTED CARRIER (TC) 

This analog output is the modulated carrier to be conditioned 
and sent over the phone line. 

RECEIVED CARRIER (RC) 


This input is the analog signal received from the phone line. The 
modem extracts the information contained in this modulated 
carrier and converts it into a serial data stream for presentation 
at the RECEIVED DATA (BACK RECEIVED DATA) output. 


RING 


This input signal permits auto-answer capability by responding 
to a ringing signal from a data access arrangement. If a ringing 


signal is detected (RING LOW) and DTR is LOW, the modem 
begins a sequence to generate an answer tone at the TC output. 
XTAL,, XTAL2 


Master timing of the modem is provided by either a crystal con- 
nected to these two inputs or an external clock inserted into 
XTAL,. The value of the crystal or the external clock frequency 
must be 2.4576MHz +.01%. 


Vec 
+5 volt power supply. (+5%) 


VeBB 
—5 volt power supply. (+5%) 


TABLE 1. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Bell 103 Originate 300bps full duplex 

Bell 103 Answer 300bps full duplex 

Bell 202 1200bps half duplex 

Bell 202 with equalizer 1200bps half duplex 

CCITT V.21 Orig 300bps full duplex 

CCITT V.21 Ans 300bps full duplex 

CCITT V.23 Mode 2 1200bps half duplex 

CCITT V.23 Mode 2 with equalizer 1200bps half duplex 
CCITT V.23 Mode 1 600bps half duplex 


Reserved 


Bell 103 Orig loopback 

Bell 103 Ans loopback 

Bell 202 Main loopback 

Bell 202 with equalizer loopback 

CCITT V.21 Orig loopback 

CCITT V.21 Ans loopack 

CCITT V.23 Mode 2 main loopback 

CCITT V.23 Mode 2 with equalizer loopback 
CCITT V.23 Mode 1 main loopback 

CCITT V.23 Back loopback 


Reserved 


Figure 2. Loopback Configurations 
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DGND 
Digital signal ground pin. 


AGND 


Analog signal ground pin (for TRANSMITTED CARRIER and 
RECEIVED CARRIER). 


CAP;, CAP2 


Connection points of external capacitor/resistor required for 
proper operation of on-chip analog-to-digital converter. 


Recommended values are: C = 2000pF + 10%, 
R = 100M +10%. 


RESET 

This input signal is for a reset circuit which operates in either of 
two modes. It automatically resets when power is applied to the 
device, or it can be activated by application of an external active 
low TTL pulse. 


THEORY OF OPERATION 


The EF 7910 MODEM consists of three main sections, shown in 
the block diagram of Figure 1 — Transmitter, Receiver, and 
Interface Control. 


TRANSMITTER (Modulator) 


The transmitter, shown in Figure 3, receives binary digital data 
from a source such as a UART and converts the data to an analog 
signal using frequency shift keying (FSK) modulation. This 
analog signal is applied to the phone line through a DAA or 
acoustic coupler. FSK is a modulation technique which encodes 
one bit per baud. A logic one applied to the TRANSMITTED 
DATA (TD) input causes a sine wave at a given frequency to 
appear at the analog TRANSMITTED CARRIER (TC) output. A 
logic zero applied to input TD causes a sine wave of a different 
frequency to appear at the TC ouput. As the data at the TD input 
switches between logical one and zero, the TC output switches 
between the two frequencies. In the EF 7910 this switching be- 
tween frequencies is phase continuous. The frequencies 
themselves are digitally synthesized sine functions. 


The frequencies for each modem configuration available in the 
EF7910 are listed in Table 3a. 


The process of switching between two frequencies as in FSK 
generates energy at many more frequencies than the two uséd in 
the modulation. All the transmitted information can be recovered 
from a frequency band B Hz wide, where B is the bit rate or 
maximum rate of change of the digital data at the TD input. This 
band is centered about a frequency, fc, 
where fo = fy + (fo — f1)/2 
(fy = lower of two FSK frequencies) 
(fo = higher of two FSK frequencies) 


In addition to this primary information band, there exist side bands 
containing redundant information. It is desirable to attenuate 
these bands for two reasons: 


1. The phone companies have specifications on the amount of 
energy allowed in certain frequency bands on the line. 


2. If two independent information channels are present simul- 
taneously on the line (e.g. 300 bps full duplex or 1200 bps 
half duplex with back), the redundant transmitter components 
may fall in the frequency band of the local receiver channel 
and interfere with detection. In the EF 7910 these redundant 
and undesirable components are attenuated by digital band- 
pass filters. 


Following the digital bandpass filters, the filtered FSK signal is 
converted to an analog signal by an on-chip DAC operating at a 
high sample rate. This analog FSK signal is finally smoothed by a 
simple on-chip analog low pass filter. 


RECEIVER (Demodulator) 

A simplified block diagram of the EF 7910 FSK receiver is shown 
in Figure 4. Data transmitted from a remote site modem over the 
phone line is an FSK-modulated analog carrier. This carrier is 
applied to the RECEIVED CARRIER (RC) pin via a DAA or 
acoustic coupler. The first stage of the demodulator is a simple 
on-chip analog low pass anti-alias filter. The output of this is 
converted into digital form and filtered by digital bandpass filters 
to improve the signal to noise ratio and reject other independent 
channel frequencies associated with the phone line in the case of 
full duplex configuration. The bandpass filtered output is digitally 
demodulated to recover the binary data. A carrier detect signal is 
also digitally extracted from the received line carrier to indicate 
valid data. 


Figure 3. Transmitter Block Diagram 
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Figure 4. Receiver Block Diagram 
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INTERFACE CONTROL 


This section controls the handshaking between the modem and 
the local terminal. It consists primarily of delay generation coun- 
ters, two state machines for controlling transmission and recep- 
tion, and mode control decode logic for selecting proper transmit 
frequencies and transmit and receive filters according to the 
selected modem type. Inputs and outputs from this section are 
as follows: r 


REQUEST TO SEND (Main and Back) 
CLEAR TO-SEND (Main and Back) 

- CARRIER DETECT (Main and Back) 
RING be 
MCO-MC4 
‘DATA TERMINAL READY 


Internal logic clamps protocol signals to different levels under 
certain conditions (@.g., initial conditions). 


When Bell 103/113 and V.21 modem configurations are selected, 
the back channel signals are non-functional. 


Figures 7 and 8 depict the sequencing of the two state machines. 
State machine 1 implements main or back channel transmission 
and the auto-answer sequence. State machine 2 implements 
reception on main or back channel. 

The state machine powers on to the state labelled INITIAL 
CONDITIONS. Handshake signals are set to or assumed to be 
the levels listed in Table 2. The machine then waits for DATA 
TERMINAL READY (OTR) to be turned on. Whenever DTR is 
turned to the OFF state from an ON condition, each state 
machine and external signals return to the initial conditions 
within 25 microseconds. After DT R is turned ON the EF7910 


Figure 5. 
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becomes operational as a modem and the state machines pro- 
ceed as depicted in the flowcharts. 


The definitions of the terms Full Duplex and Half Duplex used in 
these flowcharts are depicted below (Figs. 5and6).”Full Duplex” 
applies to all 103/113, V.21 modes. “Half Duplex” applies to 202 
and V.23, both forward and backward channel. 

Full Duplex: Data can be transmitted and received simultane- 
ously at a rate of 300 baud. Two independent 300Hz channels are 
frequency multiplexed into the 3000Hz bandwidth of the phone 
line. The EF 7910 configurations for the Bell 103/113 and CCITT 
V.21 can be operated full duplex. e ey | 

Half Duplex: In half duplex with back channel, the modem may 
transmit at 1200/600 baud and receive at 5/75 baud. Alternatively 
it may transmit at 5/75 baud and receive at 1200/600 baud. 
Examples are Bell 202 and CCITT V.23. 


TABLE 2. 
INITIAL CONDITIONS 


Data Terminal Ready (OTR) 


OFF 


“Request to Send (RTS) OFF 
Clear to Send (CTS) OFF 
Transmitted Data (TD) Ignored 
Back Channel Request to Send (BRTS) OFF 
Back Channel Clear to Send (BCTS) OFF 
Back Channel Transmitted Data (BTD) Ignored 
Ring (RING) OFF 
Carrier Detect (CD) OFF 
Received Data (RD) MARK 
Back Channel Carrier Detect (BCD) OFF 

Back Channel Received Data (BRD) MARK 


Full Duplex 
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Figure 6. Half Duplex 
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TABLE 3(a). FREQUENCY PARAMETERS 


Transmit : Receive 
Frequency Frequency 


Bell 103 Orig 

Bell 103 Ans 
CCITT V.21 Orig 
CCITT V.21 Ans 
CCITT V.23 Mode 1 
CCITT V.23 Mode 2 
CCITT V.23 Mode 2 Equalized 
Bell 202 

Bell 202 Equalized 
CCITT V.23 Back 
Bell 202 Back 


*(BRTS LOW) and (BTD HIGH): 387Hz at TC °°387Hz at RC: BCD LOW 
*(BRTS HIGH) or (BTD LOW) : 0 voit at TC **No 387Hz at RC: BCD HIGH: 
*Meets new CCITT R20 frequency tolerance. 


Frequency tolerance is less than +0.4Hz with 2.4576MHz Crystal. Except Bell 202 which is + 1Hz (1200 Hz, mark) 


TABLE 3(b). TIMING PARAMETERS (Refer to Figures 9, 10 and 11 for Timing Diagrams) 


CCITT 
CCITT | CCITT) V.23 
v.23 |Mode 2 
Mode 2} EQ (Bell 202 £Q 


Ee to 
cron | o-Send ON Delay 


Request-to-Send to 
Po ae OFF Delay 


| Sitence Interval before 
Transmission 
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CALL ESTABLISHMENT 


Before two modems can exchange data, an electrical connection 
through the phone system must be established. Although it may 


assist in call establishment, a modem typically does not play a 


major role. A call may be originated manually or automatically and 
it may be answered manually or automatically. 


Manual Calling — Manual calling is performed by a person who 
dials the number, waits for an answer , then places the calling 
modem into data transmission mode. 


Automatic Calling — Automatic calling is typically performed by 
an automatic calling unit (ACU) which generates the appropriate 
dialing pulse or dual-tone sequence required to call the remote 
(called) modem. The ACU also has the ability to detect an answer 
tone from the called modem and place the calling modem into 
data transmission mode. 


Manual Answering — Manual answering is performed by a person 
who hears the phone ring, lifts the receiver, causes the called 
modem to send an answer tone to the calling modem, and places 
the called modem into data transmission mode. © 


Automatic Answering — Automatic answering is performed by 
a called modem with a data access arrangement (DAA). The 
DAA detects a ringing signal, takes the phone circuit off-hook 
(corresponding to lifting the receiver) and instructs the called 
modem to commence the auto-answer sequence. Next the 
called modem sends out silence on the line, followed by an 
answer tone. When this tone is detected by the calling modem, 
the connection is considered to have been established. 

The EF7910 provides assistance for automatic answering 
through the RING signal as follows. Observe the upper right-hand 
portion of Figure 7(a). Assume that DATA TERMINAL READY 
(DTR) has recently been asserted to cause exit xit from the initial 
conditions. Note that if DTR remains OFF, RING is ignored. 
Assume also that RTS and BRTS are OFF and that the mode 
control lines (MCO-MC4) select a normal modem configuration, 
not a loopback mode. Automatic answering is initiated by receipt 
of a LOW level at the RING input, causing entrance to the auto- 
answer sequence depicted in Figure 7(c). 


The EF 7910 outputs silence (0.0 volt) at its TRANSMITTED 
CARRIER (TC) output for a time, tgj,, followed by the answer 
tone for a time, tat. The CARRIER DETECT (CD) pinis clamped 
OFF and the RECEIVED DATA (RD) signal is therefore clamped 
to a MARK (HIGH) during the auto-answer sequence. Upon 
compietion of the answer tone, CD is released. If the mode lines 
(MCO-MC4) select a 202 or V.23 mode, the transmit filters are set 
to the forward channel and the receive filters are set to the back 
channel during the auto answer sequence. 

At the end of the auto-answer sequence, return is made to point A 
in the loop at the upper right-hand portion of Fig. 7(a). Note that 
since the answer flag has been set, the auto-answer sequence 
cannot be entered again unless DTR is first turned OFF, then ON. 
At this point the phone line connection has been established and 
data transmission or reception may begin. 


The RING input may be activated from a conditioned DAA Ring 
Indicator output for automatic answering or it may be activated by 
a switch for manual answering. Tying RING HIGH will disable the 
auto-answer function of the EF7910. 


DATA TRANSMISSION 


Full Duplex 


Following call establishment, full duplex data transmission can be 
Started by either the called or calling modem. In other words, if the 
connection has been established and the modem is looping 
through point A in Figure 7(a), itno longer matters which is the 
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called and which is the calling modem. Data transmission is 
initiated by asserting REQUEST TO SEND (RTS). At this time the 
TRANSMITTED DATA (TD) input will be released and a mod- 
ulated carrier can appear at the TRANSMITTED CARRIER (TC) 
output. Following a delay, tacon, CLEAR TO SEND (CTS) will 
turn ON. At this time, data may be transmitted through the TD 
input. It is a common protocol for the user to always present a 
MARK at the TD input before RTS is asserted and during the 
tRCON delay. 

Data transmission continues until RTS is turned OFF. Following a 
short delay, tacorr, CTS turns OFF. As soon as RTS goes OFF, 
the TD input is ignored and the TC output is set to 0.0 volt 
(silence). After CTS turns OFF, the state machine returns to point 
A in Figure 7(a). 


Half Duplex 


When a half duplex mode is selected (202 or V.23), data trans- 
mission can be either on the main channel at 1200/600 baud or on 
the back channel at 5/75 baud. In normal half duplex operation a 
single modem is either transmitting on the main and receiving on 
the back channel or vice versa. In the EF7910'control of the 
transmitter and receiver filters to the proper channel is performed 
by RTS. When RTS is asserted, the transmitter filters and syn- 
thesizer are set to transmit on the main channel; the receiver 
filters are set to receive on the back channel. Therefore, 
whenever RTS is on, BRTS should not be asserted since the 
transmitter cannot be used for the back channel. When RTS is 
OFF and a half duplex mode is selected, the transmitter filters and 
synthesizer are set to the back channel; the receiver filters are set 
to the main channel. If RTS and BRTS are asserted simultane- 
ously, RTS will take precedence. However, if BRTS is asserted 
before RTS and the back channel data transmission sequence 
has been entered (Figure 7(b)), RTS will be ignored until BRTS 
is turned OFF. 


The state machine sequences for main and back channel trans- 
mission differ slightly and are depicted in Figure 7. Assume the 
state machine is idling through point A in Figure 7(a). 


Main Channel 


This transmission sequence is entered if a 202 or V.23 mode is 
selected and RTS is asserted. Since the receiver is now forced to 
the back channel, the RECEIVED DATA (RD) signal is clamped 
to a MARK; and the CARRIER DETECT signal is clamped OFF. 
The TRANSMITTED DATA input (TD) is released and a carrier 
appears at the TRANSMITTED CARRIER output which follows 
the MARK/SPACE applied to TD. RTS turning ON initiates a 
delay, tRCoN, at the end of which the CLEAR TO SEND (CTS) 
output goes LOW. When CTS goes LOW data may be transmit- 
ted through input TD. Data transmission continues until RTS is 
turned OFF. At this time several events are initiated. First a delay, 
tRCOFF. is initiated at the end of which CTS turns OFF. The TD 
input is ignored as soon as RTS goes OFF. If a 202 mode is 
selected, a soft turn-off tone appears at the TC output for a time, 
tSTO. followed by silence (0.0 volt). For both 202 and V.23 
modes a squelch period, tsq, is initiated when RTS goes OFF. 
During this period the CD output is clamped OFF, forcing the RD 
output to a MARK condition. The squelch period begins as soon 
as RTS goes OFF and thus overlaps both tacorr and tsTo. At 
the end of the squelch period, the state machine returns to the idle 
loop at point A in Figure 7(a). 


The reasons for squelch and soft-turnoff are as follows: 


Soft Turn-Off: When RTS is turned OFF at the end of a message, 
transients occur which may cause spurious space signals to be 
received at a remote modem. During soft turn-off the modem 
transmits a soft carrier frequency for a period, tsto, after RTS is 
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turned OFF. This results in a steady MARK on the RECEIVED 
DATA (RD) line of the remote modem. 


Squeich: The local receiver must be turned OFF after RTS is 
OFF, until the start of carrier detect, so that line transients are not 
demodulated. The process of disabling the receiver after RTS is 
turned OFF is called squelching. 


Back Channel 


This transmission sequence, shown in Figure 7(b), is entered if a 
202 or V.23 mode is selected, RTS is OFF, and BRTS is asserted. 
The BACK CARRIER DETECT (BCD) output is forced OFF and 
the BACK RECEIVED DATA (BRD) output is clamped to a 
MARK. The BACK TRANSMITTED DATA input (BTD) is re- 
leased and a carrier appears at the TC output which follows the 
MARK/SPACE applied to BTD. Turning ON BRTS initiates a 
delay, tgRcon, at the end of which the BACK CLEAR TO SEND 
(BCTS) output goes LOW. When BCTS goes LOW data may be 
transmitted through input BTD. Data transmission continues until 
BRTS is turned OFF. The input BTD is immediately ignored and 
the TC output is silenced (set to 0.0 volt). Following a short 
delay, tgacorr. the output BCTS goes OFF. The signals BCD 
and BRD are released and the state machine returns to idle at 
point A of Figure 7(a). 


In 202 back channel mode, BTD should be tied HIGH. Then 
BRTS controls the ON/OFF keying modulation. When BRTS is 
LOW, 387Hz appears at the TC output; when BRTS is HIGH, 0 
volt appears at TC. 


DATA RECEPTION 


Data reception is controlled by state machine 2 and depicted in 
Figure 8. At power on the machine enters initial conditions and 
remains there until DTR is asserted. It then loops until either 
CARRIER DETECT(CD) or BACK CARRIER DETECT (BCD) 
occurs. 


Full Duplex 


In full duplex data reception, CARRIER DETECT may appear 
at any time after the phone connection has been established. 
Reception is independent of transmission. When the receiver 
detects a valid carrier for at least a time, tcpon, the output CD is 
turned ON, the RECEIVED DATA (RD) output is released, and 
valid data can be obtained at RD. Data is received until the 
receiver detects loss of carrier for at least a time, tcpoFF. At this 
time the CD output is turned OFF and RD is clamped to a MARK. 
The state machine returns to the idle loop at point E. 
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Half Duplex 


As discussed in the data transmission section above, when a 
half duplex mode has been selected, the signal RTS controls 
whether the main channel is transmitting or receiving. The back 
channel can only de the opposite from the main. If RTS is OFF, 
then CARRIER DETECT may be asserted and the data recep- 
tion sequence is identical to that discussed above for full dup- 
lex reception. As long as RTS remains OFF, BACK CARRIER 
DETECT will never be asserted. If RTS is ON, then CARRIER 
DETECT will never be asserted. Instead the receiver will look 
for a valid carrier in the back channel frequency band. If a valid 
carrier exists for at least a time, tacpon, the output BACK 
CARRIER DETECT (BCD) is turned ON, the BACK RECEIVED 
DATA (BRD) output is released and valid data can be obtained 
at BRD. Data is received until the receiver detects loss of back 
channel received signal for at least time, tacporr. At this time 
the BCD output is turned OFF. Data output, BRD, is clamped to 
a MARK if a V.23 mode is selected. For 202 back channel 
mode, BCD represents the received data. The BRD output 
can be ignored. The state machine returns to the idle loop at 
point E. 


LOOPBACK 


Ten modes exist to allow both analog and digital loopback for 
each modem specification met by the EF7910. When a loopback 
mode is selected, the signal processing (filters, etc.) for both the 
transmitter and receiver is set to process the same channel or 
frequency band. This allows the analog output, TRANSMITTED 
CARRIER, and the analog input, RECEIVED CARRIER, to be 
connected for local analog loopback. Alternatively the digital data 
signals, TD and RD or BTD and BRD, can be connected exter- 
nally, allowing a remote modem to test the local modem with its 
digital data signals looped back. 

When a loopback mode is selected, the state machine sequences 
are altered slightly. First, auto-answer is disabled. Second, if a 
half duplex loopback mode is selected (202 or V.23), the local 
CARRIER DETECT/BCD is not forced OFF when RTS/BRTS is 
asserted. 


The 202 and V.23 main loopback modes allow use in a 4-wire 
configuration at 1200 bps. 
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Figure 7(a). Transmit Main Channel State Diagram Oo 
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Figure 7(b). Transmit Back Channel State Diagram 
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Figure 7(c). Auto Answer State Diagram 
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Figure 8. Receiver Main/Back Channel State Diagram INITIAL 
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Figure 11. BELL 103/CCITT V.21 Handshake Timing 
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CLOCK GENERATION 


Master timing of the modem is provided by either a crystal con- 
nected to the XTAL; and XTALg inputs or an external clock 
applied to the XTAL, input. 


Crystal 


External Clock 


This clock signal could be derived from one of several crystal- 
driven baud rate generators. It should be connected to the 
XTAL, input and the XTALg input must be left floating. The 
timing parameters required of this clock are shown in Figure 12 


and the values are listed in Table 4. 
When a crystal is used it should be connected as shown in 

Figure 12. The crystal should be a parallel resonance type, and 

its value must be 2.4576MHz +.01%. A list of crystal suppliers is 

shown below. 


- Figure 12. Clock Generation 


Crystal Information (f¢ = 2.4576MHz) 


Manufacturer P/N C, Co 
M-Tron MP-2 20pF 20pF 


Monitor Products 


MM-33 | 20pF | 20pF 


Note: Rise time of Voc must be greater than Smsec to 
insure proper crystal oscillator start-up. 


CLOCK XTAL} 


N.C. XTAL2 


*Capacitors values vary with different crystal manufacturers. 


(a) 


(b) 


TABLE 4. 
CLOCK PARAMETERS 


[simaet [penne [on [tow [Toni 


Clock Period 
Clock High Time 
Clock Low Time 
Clock Rise Time 
Clock Fall Time 
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POWER ON RESET 
The reset circuit operates in either of two modes. 
Automatic Reset | 


In this mode an internal reset sequence is automatically en- 
tered when power is applied to the device. One resistor and 
one capacitor must be connected externally as shown in Figure 
13. Values shown will work with most power supplies. Power 
supply (Vcc) rise time should be less than one half the RC 


time constant. 
Figure'13. Automatic Reset 
Vec 
EF7910 IMEGN (+20%) 
RESET 
047 uF (+20%) 
External Reset 


In this mode the device may be forced into the reset sequence 
by application of an active LOW pulse applied to the RESET 
input. The reset must not be applied until the Voc supply has 
reached at least 3.5 V. Timing is diagrammed in Figure 14. 


Figure 14. External Reset 


TIMING DIAGRAMS 
Vec 
es 
t 
tor 
RESET 
tRL 


tprR = delay from the time Voc reaches 3.5V and the falling edge 


of RESET signal (>1,s) 
ta. = RESET LOW duration time (>twcK = 406ns) 
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NOMINAL PERFORMANCE SPECIFICATIONS | 
TRANSMITTER (All Modem Types) 


Input Data Format: Serial, asynchronous, standard TTL levels 
Modulation Technique: 
Binary, phase-coherent Frequency Shift Keying (FSK) 
TC Output Level: —3dBm into 60020 
Frequency Accuracy: 
+0.4Hz all modems except Bell 202 (mark) 
+1.0Hz Bell 202 (mark) 
Harmonics: —45dB from fundamental for single tones 


Delay uncertainty for TD logic input change to TC frequency 
change: <8.3yus 


Out-of-band energy : See Figure 15 
RECEIVER 


Output Data Format: Serial, asynchronous, TTL levels 
Demodulation Technique: Differential FM Detection 
Sensitivity at Receiver Input: OdBm to —- 48dBm 
Frequency Deviation Tolerance: + 16Hz 
Carrier Detect Threshold: 

ON >-43dBm +1dB 

OFF <-48dBm +1dB 


TEST MEASUREMENT SETUP 


EF 7910 performance is characterized using the test equipment 
setup shown in Figure 16. The HP1645A data error analyzer is 
used to generate 511-bit pseudo random binary sequences 
(PRBS) at Dout for testing the modem. The 1645A also re- 
ceives and analyzes the 511-bit digital pattern at Diy after it 
has progressed around the test loop. A reference transmitter 


converts the digital sequence generated by the HP1645A into 
an FSK signal. The FSK signal is typically adjusted to different 
levels from —12 to —45dBm. The level-adjusted FSK signal or 
incident signal then passes through three pieces of equipment 
which comprise the telephone line simulator. The Wandel and 
Golterman TLN-1 and DLZ-4 simulate amplitude and group 
delay characteristics typical of a wide variety of phone lines. 
Line perturbations, such as amplitude hits and phase a” may 
be injected by the Bradley 2A/2B. 


The summing amplifier which drives the modem under test has 
three inputs. One of these inputs is the incident FSK signal 
which has been passed through a simulated phone line. The 
second input is from an optionally filtered noise source in order 
to simulate noise conditions which may be encountered on 
phone lines. The third input is from the transmitter of the 
EF7910 under test. This third input simulates the adjacent 
channel signal seen at the input of the EF7910 receiver due to 
the duplexer used on 2-wire lines. If 4-wire testing is being 
performed, the adjacent channel would not normally be 
included. 


The HP3551A or HP3552A Transmission Test Set is used for 
measuring various levels which the modem under test is to re- 
ceive. The levels of each of the three inputs to the summing 
amplifier should be measured independently of the other two 
inputs. For instance, the incident signal level should be mea- 
sured by the transmission test set with no adjacent channel or 
noise present. The dashed line from the noise generator shows 
that the noise may or may not be measured at the output of the 
noise generator, depending on whether or not an optional filter is 
used, or on the characteristics of the filter. 


Figure 15. Out-of-Band Transmitter Energy 
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Figure 16. BER and Distortion Measurement Test Setup 


TRANSMITTED 
BINARY 
HP1645A DATA SEQUENCE 
ERROR ANALYZER Doyr REFERENCE LEVEL 
AND PATTERN GEN ADJUST 


Din 


LEVEL-ADJUSTED 
FSK SIGNAL 
(INCIDENT SIGNAL) 


ee ey 


511-BIT PRBS 
GENERATOR 
(ADJACENT CHANNEL) 


BRADLEY 2A/2B 
JITTER AND HIT 
SYNTHESIZER 


EF7910 


UNDER 
TEST 


WANDEL AND 
GOLTERMAN 
TLN-1 


MODEL OF TYPICAL LEVEL 
SIGNAL AS RECEIVED AOJUST 
FROM TELEPHONE LINE 


LEVEL-ADJUSTED WANDEL AND 
ADJACENT CHANNEL GOLTERMAN 
SIGNAL DLZ-4 


| 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 


TELEPHONE LINE 
SIMULATOR 


dd 


SUMMING AMPLIFIER 


HP3551A OR 3552A 


TRANSMISSION 
TEST SET 


NOISE 
GENERATOR 
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STANDARD LOAD CIRCUIT 


TEST 
POINT Voc 


Ra 
19500) + 1% 


FROM 
OUTPUT 
UNDER 
TEST Do 
Ry Ds 


48K + 1% 


D, 


APPLICATIONS 


Figure 18 depicts a.stand-alone EF7910 configuration. An op 
amp and three resistors provide a duplexor function to put the 
transmitter output onto the line while receiving adjacent chan- 
nel data from the line. Connection to the line is via a Data Ac- 
cess Arrangement (DAA). Note the lack of external analog fil- 
ters. The TTL handshake signals may be level converted to 
RS-232, RS-422, or V.24 using appropriate devices. Mode 
control lines are hardwired or connected to switches. 


9 SS SR pg OS PT 


Notes: 1. C, = 50pF including stray and wiring capacitance 
2. All diodes are 1N3064 or equivalent 
3. Allresistors are 1/8 watt 
4. Voc = S volts +1% 


Figure 19 depicts an application of the EF 7910 with the 

THOMSON SEMICONDUCTEURS EF6805CT microcom- 
puter. The duplexor/line interface is identical to the above 

configuration. However, the handshake signals interface 

directly with the UART included inside the EF6805CT. | 
The mode control lines might also be controlled by the 

MCU while keeping the address and data bus of the 

EF6805CT available for customer applications. The main 

features of the EF6805CT are given at the end of this data 

sheet. 


Figure 18. Stand-Alone EF7910 Application 


DLB = DIGITAL LOOPBACK > 


2.2 uF 


CJ 2.4576 MHz 
Co* 


= 


2000 pF 


0.047 uF +8 


POWER 


Sd SUPPLY 


+5V 


vw, 


"See Figure 12. 


+5 V ALB = ANALOG LOOPBACK LOCAL COPY 
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MAXIMUM RATINGS 


2 


All signal voltages with respect to VpGND 


The products described by this specification include internal circuitry designed to protect input devices from damaging 
accumulations of charge. It is suggested, nevertheless, that conventional precautions be observed during storage, hand- 
ling and use in order to avoid exposure to excessive voltages. 

Stresses above those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ELECTRICAL DC CHARACTERISTICS over operating range, referred to VDGND 

O°C< Ta <+70°C, Vcc =+ 5.0 V +5 %, Veg =-5.0V 45%, VAGND = 0 V + 50 mV, VpGND =0V 
Digital inputs : TD, RTS, MCg-MCq, DTR, RING, BTD, BRTS 

Digital outputs : RD, CTS, CD, BRD, BCTS, BCD 


Characteristic 


; 


ANALOG OUTPUT (TC) : 
Output voltage (Rx_ = 600 22) 
Output DC offset 


ORDERING INFORMATION 


aaae | PACKAGE | TEMP.RANGE | QUALITY LEVEL | 
ee eee Ce 
ee ee 


Available 
on request 
Example : EF7910JL 
J: Cerdip, L* : 0° to + 70°C, * : may be omitted. 


Quality levels in accordance with NFC 96883. ** : No end-suffix for standard level products. 
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CASE CB-132 


J SUFFIX 
CERDIP PACKAGE 


28 pins 


\/ 
AS51E F 144 CB-132 
CEl DATA. JEDEC SITELESC 


This is advance information and specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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SINGLE CHIP DPSK AND FSK MODEM 
(BELL 212A - BELL 103 - V22 A/B) 


The TSG7515 is a single chip DPSK and FSK voiceband modem, compatible 
with the applicable BELL and CCITT recommended standards for 212A sets 
including BELL 103 and V22 A-B type modems. 


® Monolithic device includes both transmit and receive filters. 

® Mixing analog and digital technics. 

© Standard low cost crystal (4.9152 MHz). 

® Available clock for microprocessor at 4.9152 MHz. 

© Low power consumption - CMOS technology. 

© Sharp adjacent channel rejection. 

® Fixed equalization in transmitter and receiver. 

® Test loops. 

® Carrier detect output. 

® CCITT and BELL signaling tone. 

® 1200 bps and 600 bps bit synchronous format in DPSK. 

® 1200 bps and 600 bps + 1%, —2.5% or +2.3%, — 2.5% character asynch- 
ronous format (8, 9, 10 or 11 bits) in DPSK. 

® 0 to 300 bps in FSK. 

© Break signal supervision. 

© External voice band tone aa available (i.e. 550 Hz or DTMF). 

® CMOS and TTL compatibl 

® Direct interface to THOMSON SEMICONDUCTEURS microprocessor 
family. 

® Special line monitoring facility. 


MAIN OPERATING MODES 


® Standard selection (BELL 212A/BELL 103/V22). 

© Answer tone selection. 

® Low speed mode selection. 

© Channel selection (Answer/Originate). 

® Synchronous/Asynchronous mode selection. 

® 8 bits to 11 bits word length selection in character asynchronous format 
mode. 

® Overspeed seen in character asynchronous format mode. 


: Scrambler selectio 
© 1800 Hz guard tone selection in V22. 


® Test loop selection (Digital/Analog). 
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SINGLE CHIP DPSK 
AND FSK MODEM 


CASE CB-132 


P SUFFIX 
PLASTIC PACKAGE 


C SUFFIX 
CERAMIC PACKAGE 


PIN ASSIGNMENT 


Xtal OUT 
Xtal IN 
CLK 
TxSCLK 
TxCLK 
TxD 
RTs - 


Réf. 00400-R2 


TSG7515 


BLOCK DIAGRAM 


SEI EX! 


\/ v, 


[Asvncnnonous]_ [7 CRAMBLER} TRANSMIT FILTER 
Monto 


TxD D O SYNCHRONOUS WITH FIXED > ATO 
L_converrer oe COMPROMISE 
EQUALIZATION 


SIGNALING TONE GENERATOR 


= -FSK MODULATOR AND [J 


TxSCLK D a TRANSMIT RECEIVE FILTER HB-~<_ RAI 
WITH FIXED fa : 
TxCLK <-{24] nen REPEREMCE VOLTABEs COMPROMISE EQUALIZATION. TiqLp RFO 


DCD <411| H3}-—<] RDI 


AMPLIFIER AND 
LIMITER 


CARRIER DETECTION 


mD fe] 


FSK DEMODULATOR 
BASE BAND CARRIER 
DATA © RECOVERY 


RECOVERY LOOP 


verse es 
SYNCHRONOUS DESCRAM-= CLOCK 
TO ASYNCHRONOU BLER RECOVERY [9 HD RxCLK 
- CONVERTER LOOP 
: 1 | qd wt 
aie CONTROL AND 20 GND 
X tal OUT 28 MODE SELECTION 
flee ee 
| or 
[26 22) t9-—1 5 F213 14 er. 
V f\ () ‘\ {\ t\ f\ {\ (\ a 
CLK RTS BRS A/O TL ATE C/B A/S CLS OSE 
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PIN DESCRIPTION 


Common section (supply, clock, handshaking and mode selection) 


vt Positive +5V 
power supply 

vo Negative -5V 
power supply 


Oscillator 


This pin corresponds to the input of the oscillator. It is normally connected © 
to an external crystal but may also be connected to a pulse generator. The 
nominal frequency of the oscillator is 4.9152 MHz. 


XOUT Oscillator This pin corresponds to the output of an inverter with sufficient loop gain 
output to start and maintain the crystal oscillating. 


This pin delivers a clock signal, the frequency of which is the crystal fre- 
quency. It may be used as a buffered clock for a microcontroller. 


CCITT/BELL bMesdleb three-state ila aed selects the features corresponding to CCITT or BELL 
selection 
Synchronous/ This three-state input selects the synchronous bit format or the asynchro- 
asynchronous nous character format mode in DPSK transmission. This input allows also 
selection character length selection (refer to table 8). 
Character This input selects the character length in conjunction with A/S input (refer 
length to table 8). 
Over-speed This input selects the over-speed in asynchronous character format mode 
selection required by CCITT recommandation (refer to table 8). 
me | ee A logic “0” on this input turns the chip on 1200 bps rate. A logic ‘'1” turns 
selection 


the chip on 600 bps or 0-300 bps according to C/B selection. 


Answ./Orig. A logic “’0’’ on this i sbsgslr turns the chip on answer mode. A logic “1” turns 
selection the chip on originate mode 
Test loop This three-state input, selects the test loops mode (refer to table 5). 
selection 


Transmit section 


Transmit Data bits to be transmitted are serially presented on this input. A mark cor- 


responds to a logic ‘1’ and a space to a logic ‘0’. This data determines 
which phase or frequency appears at any instant at the ATO pin in DPSK 
or FSK modes. 
ATO The analog output is the modulated carrier or the answer tone to be condi- 
transmit tionned and sent over the phone line mixed with the filtered signal from EXI. 
output 
17 External This analog input allows external tone to be filtered by an internal low-pass 
tone input filter. Filtered signal appears at ATO whatever RTS. 
Answer tone A logic ‘‘0’’ on this input instructs the chip to enter answer signaling tone 
enable mode according C/B selection. A logic ‘’1’' turns the chip on transmit data 
mode (refer to table 9). 
Scrambler 
enable input 
TxCLK Transmit 
clock from 
modem 
TxSCLK 25 Transmit 
clock from 
terminal 


A logic ‘0’ on this input enables the internal scrambler. A logic ‘'1’’ ins- 
RTS 22 Request 
to send 
terminal 


tructs the chip to bypass the scrambler. 


This output delivers a transmit bit clock generated by the chip in syn- 
chronous mode. When TxSCLK is used, TxCLK is locked on TxSCLK. 
This output generates a logic "1° in asynchronous mode. 


This input receives a bit clock supplied by the DTE. This clock synchro- 
nizes the internal transmit clock of the chip. In line monitoring mode 
this input receives the filters clock. 


When a logic “0” is present on this input, the chip delivers on ATO a 
modulated signal or a Signaling tone and the filtered signal from EXI. 
When a logic “1” ispresent on this input, ATO delivers only the filtered 
signal from EXI. When a logic “-1"° is present on this input, the receive 
section may be used for line monitoring and ATO delivers only the 
filtered siccal from EXl. 
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Receive section 


This input receives the analog signal from the hybrid. It corresponds to the 
input of the receive filters. 


This analog output is the signal received on RAI once filtered. The receive 
filter also equalizes the signal for adaptation to most existing lines. This output 
must be connected to RDI one @ capacitor to meet the level detection 
conditions. 


A logic ‘’0’ on this output indicates that a valid carrier signal is present on 
RAI. A logic ‘1’ means that no valid signal is being received. The hystere- 
sis meet standards recommendation. 


Data bits demodulated are available serially at this output. . 
— aie 
Receive _| This output delivers a receive bit clock generated by the chip. In asynchro- 
clock nous mode this clock is 16 times the modulation rate. In synchronous mode 
the clock is equal to the bit rate. 
TEST Test This output is an intermediate demodulator output intented for handshake 
and test purposes. 


GENERAL DESCRIPTION 


The TSG7515 is a general purpose monolithic DPSK and FSK All filtering functions required for frequency generation, out- 
modem implemented with double poly CMOS process. It of-band noise rejection and demodulation are performed by 
is capable of generating and receiving phase modulated on-chip switched capacitor filters. In phase modulation the 
signals at data rates of 1200 bps or 600 bps as well as fre- modem provides all data buffering and scrambling functions 
quency modulated signals at data rates up to 300 bps on necessary for bit synchronous format and asynchronous cha- 
voice-grade telephone lines. It is offered in a 28 pin package | racter format modes of operation. Internal frequencies are 
capable of operating full-duplex according to three pin selec- generated from a 4.9152 MHz crystal reference. 

table standards : 

© CCITT V22 A-B. 

® Bell 212A with its low speed mode: | 

® Beil 103. 
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FUNCTIONAL DESCRIPTION 


TRANSMITTER 


The transmitter consists of two analog signal generators fol- 
lowed by switched capacitor and continuous filters. In phase 
modulation operation mode the DPSK signal generator is 
preceded by a selectable scrambler and an asynchronous 
to synchronous converter is included in character asynch- 
ronous format mode. 


Tone allocatian: the modem on the end of the line which 
initiates the call is called the originate modem. In normal 
transmission operation it transmits in low channel and recei- 
ves in high channel. The other modem is the answer modem 
which transmits in high channel and receives in low channel. 


Modulators 


DPSK modulator: the phase modulation type is differential 
quadrature four phase shift keying (see table 1). The 1200 
bps data stream to be transmitted is converted into two 300 
dibits per second streams which modulate alternatively two 
independant carriers. Consequently the base band shaping 
is included is a 5 bit address ROM which generates samples 


for a 8 bit switched capacitor DAC at a frequency equals . 


to 8 times the carrier frequency. 


Table 1: DPSK modulation 


FSK modulator and tone generator: a frequency synthesi- 
zer provides accurate clocks to a switched capacitor sine 


wave generator (see table 2). Phase continuity is maintai- 
ned when a frequency shift occurs. 


BELL 212A or V22, Originate 
— 0.05% 


10071 He 
[moe «nae «dt SSCSC~( a YA tone CCITT 


2225 Hz 2226.1 Hz +0.05% BELL 103 
Answer or Answer tone BELL 


ET 


Transmit filters 


To avoid unwanted frequency components to be echoed by 
the hybrid in the reception path, to maintain the level of spu- 
rious out-of-band signals transmitted to the telephone line. 
below the limits specified by administrations (see figure 
below) and to complete statistical amplitude and phase equa- 
lization, the analog signals are processed by ten poles sharp 
pass-band switched capacitor filters. The response of these 
filters depends on the selected channel (Answer/Originate) 
and the selected standard (BELL 212-V22/BELL 103). A con- 
tinuous filter eliminates parasitic sampling effects. An addi- 
tional low-pass filter input is provided. This allows to mix 
and filter such tones as DTMF signals or special guard tones 
(550 Hz) to the transmitted signal. 


3.4 4.3 16 f (kHz) 


Figure 1 : Transmitted signal template 


Scrambler 


The scrambler used during phase moduladen ensures the 
transmission of a continuously changing pattem. This avoids 
the receiving modem to drop out of lock on certain conti- 
nuous repetitious data patterns. This scrambler may be disa- 
bled during handshaking procedures. In V22 a special unloc- 
king sequence is performed on 64 spaces pattern at scram- 
bler output. 


Asynchronous to synchronous converter 


The DPSK signal is synchronous in nature but the modem 
has both an asynchronous as well as a synchronous mode 
of operation in DPSK. So a data buffer is necessary to con- 
vert variable rate asynchronous character data to an equi- 
valent bit oriented synchronous data stream. This is done 
by inserting or deleting stop bits. In addition this converter 
is able to recognize and format the break signal. 


BELL 103 Originate 


BELL 103 Originate 


Table 3: Output frequency deviation 
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RECEIVER 


The receiver includes two band-pass filters followed by an 
amplifier and a hard limiter. Depending on selected standard, 
the detector output is passed through a DPSK demodula- 
tor or a FSK demodulator. The DPSK demodulator is follo- 
wed by a descrambler and a selectable synchronous to 
asynchronous converter..In addition a carrier detector moni- 
tors the level of the received signal. 


Tone allocation: in normal transmission operation the origi- 
nate modem receives in high channel and transmits in low 
channel. The answer modem receives in low channel and 
transmits in high channel. 


Receive filters 


The signal delivered by the hybrid to the receive analog input 
is a mixture of transmitted signal, received signal and noise 
with a level in the range from —48 dBm to —O dBm. Depen- 
ding on the operating mode and the selected standard the 
20 poles receive switched capacitor band-pass filter selects 
the frequency band of the low channel or the high channel. 
A ratio of 14/15 is applied on the sampling clock frequency 
between FSK and DPSK in the same operating mode (Ans- 
wer/Originate). These filters reject out-of-band transmission 
noise components and undesirable adjacent channel echo 
signals which can be fed from the transmit section into the 
receive section. Fixed equalization is included in order to 
assure low error rate. 


Amplifier and hard limiter 


Once filtered the received signal is amplified and fed to the 
carrier detector. In order to limit analog parts in the design 
all the demodulator techniques used in the TSG7515 are 
based on zero crossing detection. So the received signal is 
just limited before entering demodulator. 


Demodulators 


DPSK demodulator: a DPLL is used to recover the carrier 
signal. This DPLL has a lock range of + 2 Hz but as the inco- 
ming carrier may present an offset of +7 Hz a second loop 
allows the first DPLL to lock on the exact frequency of the 
carrier with an accuracy of +1 Hz and to follow its slow 
variations. Then the limited received signal is mixed through 
exclusive-Or with the recovered carrier and with the 90 
degrees phase shifted recovered carrier. The results are pro- 
cessed through four poles Bessel filters which provide a good 
amplitude propagation time compromise. The received sam- 
pling clock is recovered from these base band data with a 
simple DPLL. The received data are sampled by this clock 
and then converted into a serial synchronous bit stream. 


FSK demodulator: the zero crossing detector output is pas- 
sed through a shift register whose length depends on the 
operating mode (Answer/Originate). The output of the shift 
register and the detector are mixed into an exclusive-Or. 
Then they are processed through a four poles Bessel filter 
and a slicer. 


DCD 


Test output 


Once demodulated DPSK data are generally processed (cf 
next paragraph) but during call set-up procedures or data 
set testing it is of importance to monitor the demodulator 
output. So in DPSK mode demodulated data are available 
on TEST pin.. 


Descrambler and synchronous 
to asynchronous converter 


Data coming from the DPSK demodulator are unscrambled. 
In V22 the unlocking sequence is detected at descrambler 
input and the original data are decoded before descrambling. 
In asynchronous character format mode of operation a data 
buffer is able to detect missing stop bits and reinsert them. 
The converter is able to recognize the break signal and trans- 
mits it without modification. 


Carrier detector 


Whenever valid signals are being received at the input of 
the demodulator and are acceptable for demodulation, car- 
rier detect output is pulled down. A delay is timed out before 
the carrier received or carrier lost signal changes carrier 
detect output to provide immunity against noise bursts. The 
modem also provides at least 2 dB of hysteresis between 
the carrier ON and the carrier OFF thresholds (see diagram 
below). . 


10 ms <t2<24ms 
25 ms<t2<75ms 


In DPSK mode 105 ms < t1< 205 ms 
InFSK mode 105 ms<t1< 205 ms 


TSG7515 
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LOOP TESTS 


LOOP 3 


This loop is called the analog loop. When it is selected the 
receive filters and the demodulators are configured to pro- 
cess the same channel as the transmit section. The trans- 
mit carrier has to be looped back externally to the receive 
analog input. This loop allows the user or the DTE to check 
the satisfactory working of the local DCE. 


LOOP 2 


This loop is called the digital loop. When it is selected recei- 
ved data, receive clock and data carrier detect signals are 
respectively and internally looped back on transmit data, 
transmit clock from terminal and request to send. This loop 
allows the user or the DTE to check the satisfactory wor- 
king of the line and the remote DCE. 


CLOCKS 

In synchronous mode of operation TxCLK, TxSCLK and 
RxCLK are respectively working as the V24 circuits C114, 
C113 and C115. In asynchronous mode of operation RxCLK 
can be used as baud rate clock to synchronize the transmit 
and the receive sections of a UART (see table 4). 


OSCILLATOR OUTPUT 


The buffered master clock (4.9152 MHz) is made available 
at output CLK. It can be used as a clock for a microcontroller. 


VOLTAGE REFERENCE 

A temperature compensated voltage reference build with a 
zener is included in the chip. This voltage is used to cali- 
brate transmit levels and -to generate the carrier detection 
thresholds. 


| v22 


asynchronous 


BELL 212A 
asynchronous 
and BELL 103 


V22 
synchronous 


BELL 212A 
synchronous 
and BELL 103 


Table 4: Clocks operation 


LINE MONITORING 


A special mode has been included in the TSG7515 to 
monitor the line during an automatic call. When this 


mode is selected receive filters clock is directly derived 
from TxSCLK which allows the user to precisely observe 


76.8 kHz 


Table §: 
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TxSCLK Center Passband 
frequency at 3 dB 


| 440 Hz 


broad frequency bands. Furthermore the DCD performs 
a fast carrier detection equivalent to an envelope detec- 
tion. As the center frequency of the receive filters is 
proportional to TxSCLK frequency in this mode it is 
possible to tune the passband according to the frequen- 
cies to be detected (see table 5). 


Answer 


330 Hz 


Dial tone and 
Busy tone 
detection 


& 


TSG7515 


APPLICATIONS INFORMATION 


popular modems (BELL 103 and BELL 212A) in countries 


In a typical application a microcontroller provides control and 


interface to the Data Terminal Equipment (DTE), arid a Direct 


Access Arrangement provides connection to the telephone 


under BELL standards and popular modems (V22) in coun- 


tries under CCITT recommendations. 


line. Then the TSG7515can communicate with the most 
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POWER SUPPLIES DECOUPLING AND LAYOUT 
CONSIDERATIONS 


Power supplies to digital systems may contain high 
amplitude spikes and other noise. To optimize perfor- 
mances of the TSG7515 operating in close proximity to 
digital systems, supply and ground noise should be min- 
imized. This involves attention to power supply design 
and circuit board layout. 


The power supplies should be bypassed with tantalum 
or electrolytic type capacitors to obtain noise free opera- 
tion. These capacitors should be located close to the 
TSG7515. The electrolytic type capacitors should be 
bypassed with ceramic capacitors for improved high fre- 
quency performance. 


Power supplies connections should be short and direct. 
Ground loops should be avoided. 


Coupling between analog inputs and digital lines should 
be minimized by careful layout. The RDI input (pin 13) is 
extremely sensitive to noise. The connection between 
this point and RFO (pin 14) through a ceramic type 
capacitor should be as short as possible and coupling 
between this connection and digital signals should be 
minimized by careful layout. 


CARRIER RECOVERY LOOP 


The carrier recovery loop utilizes a digital phase lock 
loop. Performances of the TSG7515 depend directly on 
this DPLL which needs to be resetted before receiving a 
DPSK carrier. 


Three ways of resetting the DPLL exist on the TSG7515: 


e A trailing edge on DCD. 
e Changing FSK mode to DPSK mode or reversely. 
e Changing receive channel. 


These three ways of resetting the DPLL should be used 


EXAMPLES 


SS SE a SS SS SS SSE 


in the software included in the microcontroller to per- 
form the various set-up procedures and handshakes. 


TYPICAL PERFORMANCES (PRELIMINARY) 


The typical performances listed below are achieved with 
the environment described in the previous paragraph. 


e@ Dynamic range: 0 dBm to -45 dBm. 
e BER performances: 
Conditions: Xmit level = -10 dBm, 

Rec level = - 25 dBm, 
Message 511 bits 
on CCETT lines 1, 2, 3, 4 
and CNET lines QN and 3VHF 
and US lines C4, C2 and CO. 


1200 bps operation 


BER < 10-3 fora 7dBSNR 
BER < 10° fora 11 dB SNR 


300 bps operation 


BER< 10° fora 3dBSNR 
BER<10* fora 8dBSNR 


@ Specific DPSK performances 


Phase hits sensitivity : 25 degree 
Phase Jitter : 35 degree | BER < 10-6 
Amplitude hits sensitivity: +10 dB 
Offset carrier sensitivity : SNR increase 
<+1dB 


1800 Hz guard tone 
sensitivity : SNR increase 
<+2 dB 


e Specific FSK performances 


Bias Distortion :lessthan 5% 
Jitter : less than 12% 


@ V22-V25 received signals in Originate mode. 


Line 


———{)()(}———[2100 Hz]—-—-—[unscrambled marks 2400 Hz ][ data... 


DCD | = eee 


The DPLL is automatically resetted 


e Bell 212A received signals in Originate mode. 


Line 


———()()()——-—[2225 Hz] [scrambled : marks 2400 Hz ][ gata... 


SS 


This transition to ‘’-1°’ is needed to reset the DPLL 


TSG7515 


SELECTION MODE TABLES 


SYNTHESIS OF DIFFERENT MODES FOR RECEIVE SECTION 


Mode 
i 
DPSK Answer 


BELL 212A 


DPSK Answer . 
DPSK Originate 
: including 
FSK Originate loop 3 
FSK Answer loop 3 | 
FSK Answer loop 2— 
FSK Originate loop 2 
FSK Answer 


FSK Originate 


BELL 103 


Table 6 


Answer _: Receive in low channel 
Originate : Receive in high channel 
Loop 3. : Analog loop 
Loop 2_ : Digital loop 


SYNTHESIS OF DIFFERENT MODES FOR TRANSMIT SECTION 


Lee ™ 
V22 


DPSK 1200 bps Answer 
DPSK 1200 bps Originate 
DPSK 600 bps Answer 
DPSK 600 bps Originate 
DPSK 1200 bps Answer 
DPSK 1200 bps Originate 
DPSK 600 bps Answer 
DPSK 600 bps Originate 
DPSK 1200 bps Answer 
DPSK 1200 bps Originate . 
FSK 0-300 bps Answer 
FSK 0-300 bps Originate. 


Table 7 


Answer: Transmit in high channel. 
Originate : Transmit in low channel 
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MODE SELECTION IN PHASE MODULATION TRANSMISSION 
is [a [oo 


Asynchronous 


TEST PIN 


Table 9 


DDO : DPSK demodulator output 
HLO : Hard limiter output 
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TSG7515 


MAXIMUM RATINGS 


Analg input oe 


(except three-state inputs) 
Foperating temperature range | Ta | ow | *c | 
Storage temperature range | Tat | e015 [°C 


Pin temperature . 
(soldering, 10 s) | 


V~ operating current 


Stresses above those listed under ‘Absolute maxi- 
mum ratings” may cause permanent damage to the 
device. This is a stress rating only and functional ope- 
ration of the device at these or any other conditions 
for extended periods may affect device reliability. 
Standard CMOS handling procedures should be 
employed to avoid possible damage to device. 


TSG7515 
SSS sss 


D.C. AND OPERATING CHARACTERISTICS 


TA=0°C to +70°C, Vt = +5 V+5%, V~ = -5 V+5%, GND=0V 
(Unless otherwise noted) 


DIGITAL INTERFACE 


* Typical values are for TA = 25°C and nominal power supply values 


ANALOG INTERFACE, FILTERS INPUTS AND OUTPUTS (RAI-RFO, EXI-ATO) 


Signal distortion 


ANALOG INTERFACE, TRANSMIT OUTPUT (ATO) 
EX! connected to GND 


Characteristic 


Output offset voltage 


Output voltage swing (R/ 10 kf, Ci =20 pF) 


Carriers 


Answer/Originate amplitude ratio 


Guard tone 1800 Hz 
2400 Hz with 1800 Hz 


Hysteresis effect 


** This capacitor must be unpolarized type capacitor 


o 


TSG7515 


DYNAMIC CHARACTERISTICS 


RECEIVE FILTER TRANSFER CHARACTERISTICS IN DPSK 


LOW CHANNEL 


eS 
[Absoute pesbendgeint ——=s=SCSC*~“‘“‘SC*sOCTSCGAS| SC C«T Ct] iT 
Relative gain to GA at 600 Hz | - [| -6 | - | a 
zk 


HIGH CHANNEL 


Absolute passband gain at 


| = | 
| Max | Unit 
= | 8 
Relative gain to GA at | = | 
P| - | 8 
| = | 8 
| = | we 


RECEIVE FILTER TRANSFER CHARACTERISTICS IN FSK 


In FSK the receive filter is the same as in DPSK but the sampling frequency is multiplied by a 14/15 ratio (i.e. 2400 Hz in DPSK becomes 
2240 Hz in FSK). 


LOW CHANNEL 


——— [Symbol | Min | Tver | Max | Unit _| 
ae | 


Absolute passband gain at 1120 Hz 


HIGH CHANNEL 


rT 


TSG7515 


SUMMARY OF THE DIFFERENCES BETWEEN BELL 212A AND V22 A-B 


a 
Tanwertone SS SSCSCSC~idC HO 
"Over seed mode in asynctronous mode im DPSKSSCSCS~dCSCSC~‘“‘é( 
[4 secs detection SSSSOSS*d Ne 


Table 10 


* 


550 Hz may be externally generated and .added to the transmit signal through EX!. 
** Features of V22 are available in BELL 212A on the chip. 


All these differences are taken into consideration inside the TSG7515 


CASE CB-132 
28 | | | | 
1 1 
P SUFFIX C SUFFIX 
PLASTIC PACKAGE i CERAMIC PACKAGE | 


(1) Nominal dimension 
(2) True geometrical position 


This is advance information and specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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Designed to interface an equipment with the tesegireme Uma, tris 
8 pins IC provides: | 
e Line adaptation. | LINE INTERFACE 


e Ring detection. 


It is particularily convenient for modem applications and fefiits a 


wide range of international specifications. 


Line adaptation: (DC characteristic) 

e Zener characteristic with adjustable slope. 

e Adjustable dynamic impedance. CASE CB-98 
e Adjustable maximum amplitude of the signai. 

e Use only a low cost dry transformer. 

e Need no dialling refay. 


Ring detection: 

e Adjustable detection level. 
e Adjustable AC impedance. 
e Very low line distortion. 

e Logic signal output. 


Other: 


e Low working voltage. PLASTIC PACKAGE 
e Wide operating current range. 


BLOCK DIAGRAM PIN ASSIGNMENT 


NOVEMBER 1986 1/13 
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TEA7868 


, PIN DESCRIPTION 


VOLTAGE STABILIZER ~ 


a a a 


Outlines 


Specially designed for the modem applications, this 
8 pins IC provides line adaptation, ring detection and 
easy pulse dialling. It is a Direct Connect Circuit 
(DCC) which has been designed to fulfill a wide 
range of AC and DC specifications for various 
countries. 


Ring dectection 


This circuit detects the incoming ringing signal and 
generates a logic signal to the microcomputer via an 
optocoupling device. The detection level can be fixed 
by an external resistor. The dynamic impedance of 
the ring detector is also fixed by an external resistor. 
The line distortion of the ringing signal is very low 
compared to the distortion introduced by a zener 
detector. 
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ON 
a 
2 


t 


a 
ee a Cyst decouples the voltage stabilizer and Ryst fixes the impedance 


ae ee Ryy fixes the slope of the DC characteristic 


Line adaptation 


The DC characteristic can fulfill a wide range of DC 

specifications: 

— zener characteristic with adjustable slope fixed 
by an external resistor, 

— line current limitation using an external CTP. 


The dynamic impedance is fixed by an external resis- 
tor RysT so as to match with different line impe- 
dances. 

The maximum amplitude of the signal is fixed by two 
external resistors Ryst and Re. 

This circuit has been designed to be connected to a 
low cost dry transformer. 

The application has been studied to avoid the use of 
dialling relay. 


With its possibility of ring detection, off-hook and 


dialling this circuit is adapted to the application in 
smart modems. Is also satisfies the FCC Rules Part 
68. 


TEA7868 


MAXIMUM RATINGS 


Power dissipation 


Operating temperature aa — 25to + 65 


Storage temperature 


STATIC ELECTRICAL CHARACTERISTICS: 


Characteristic | Symbot_| min. | 


Line current (Pin 1) 


Voltage over the IC (Pin 1) 
See note 1 

i =10mA 

= = 100 mA 


Voltage stabilizer (Pin 2) See note 1 


DYNAMIC ELECTRICAL CHARACTERISTICS: 
Tamb = 29°C 


Characteristic 


Impedance of the transmission part. 
See note 2 

Return loss compared to 600 2: 
300 Hz < f < 5 kHz 


Ring detection level (See note 3) 
For a low level on pin 5 (< 0.3 V) : no detection 
For a high level on pin § (> 0.8 V) : ring detection 


impedance of the ring detection part: 
Typically Rg + Rp/13 (See note 3) 


Distortion in ring mode: fring = 50 Hz 
(See note 4) 
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TEA7868 
a a en 


Note 1: Static electrical characteristic test diagram: 


a el cues d 


TEA 7868 


External components: for: |, =10mA Vy, =3.2V 

CysT=100uF = Rysp =1.2kO andVc=2.1V 

Ro = 2.7kO RM =129 for: I) =100mA Vy=4.5V 
andVc=3.4V 


Test conditions: 
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Note 2: Impedance measurement: 


CO ey Ok pear all 


TEA 7868 


External components: Return loss is defined by: 

= 100 pF R = 12000 . Zour + 600! 
CyST Hu VST R.L. = 20 log ( —————— ) 
Rc = 2.7 kQ Ry = 129 Zot — 600} 
RPL = 12009 
Test conditions: 
IL =20mA 
Zout = — 

IL 
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Note 3: Ring detection part: 


10 ks? | 56k 
= a 
iS ae 


2N2222 


VR 
OO ss ee 

Test conditions: e Impedance of the ring detection part: 

e Ring detection level | 

for: Vp=18Vpp W5)<0.3V 2p = —~8 

for: Vp = 22 Vpp Vi5)>0.8V IR 
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TEA7868 


Note 4: Ring detection distortion: 


10 kN 5.6 kn 
a aa 
“> 
2.2 k2 
| 
SPECTRUM a a og Ed 
ANALYZER i i RL 2N2222 mN 
~Z TEA 7868 
VR fR=50 Hz = Ey Ej a} Mecca | 
Test conditions: No distortion peaks appear in the forbidden area of 
he follow hape: 
Vp = 90 Vams 3002 <R, < 14009 nee eu oeneR 
VrR - 0 dB 
= 26 dB —— au GD GEE Geet ae que au aes= au=w cae ae a= owe ae eee awe awe aw eww a= 8h ow a= a= ee 
FORBIODEN AREA 
— 36 dB a ee ee ee ee ee ee ee 
FREQUENCY (Hz) 
150 300 600 
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APPLICATIONS INFORMATION 


-RING DETECTION: 


TEA 7868 


CPU 


The ringing signal coming from the line is rectified 
by the diode bridge; the circuit compares the peak 
amplitude of the signal to a predeterminated detec- 
tion level fixed by Rg. On the output transistor of the 
optocoupling device a logic signal is generated 
which frequency is twice the frequency of the ring- 
ing signal. 


“O’'= the amplitude of the ringing signal is greater 
than the detection level. 
“1°°= the amplitude of the ringing signal is lower 


than the detection level. 


The ring detection circuit is fully linear; so the distor- 
tion on the line is very low compared to the distor- 
sion introduced by a zener detector as uSually used. 


Three external components affect the characteristic 


CR 


FIGURE 1 
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of the ring detection circuit. The capacitor Cp pro- 
vides the DC solation from the line. 

The AC impedance of the circuit at the ringing fre- 
quency is given by the formula: 


Zac =Zecrif) + Rp + Rs/13 
Zcr is the impedance of the capacitor Cp at the 
ringing frequency. 


The ring detection level is fixed by the external resis- 
tor Rg with the following formula: 


11 volts 


[= 
Vr-Vp-3 volts 


Vp is the peak amplitude of the ringing signal at the 
detection level. 

Vp is the voltage over the diode bridge and the 
capacitor Cp at the ringing frequency. 


TEA7868 


AC/DC LINE ADAPTATION: 


HYBRID 
SYSTEM 
/, 
TEA 7868 
FIGURE 2 
This part of the TEA7868 is used for line adaptation. An equivalent diagram of the circuit is given at fig. 3. 


RM 


FIGURE 3 FIGURE 4 


R 


The DC characteristic is a zener characteristic which V(Ryst) = Vipin1) — Vipin2) = 
slope is fixed by. Ray (see fig. 4). The voltage over the 

circuit (pin 1) is fixed via a current source driven 

through Ryst. The value of this current source is Note that the voltage through RysT also limits the 
fixed by the external resistor Rc with the formula: amplitude of the emitted signal. 


VST, 2.45 volts 
Rc 
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The external resistor RysT also defines the AC 
impedance of the circuit: 


Zac = Ryst // impedance seen from the 
transformer (see hybrid system) 


* When a current limitation is required for the DC 
characteristic (as for the French specification), an 
external TPE is connected between the telephone 
line and the circuit (see application diagram). 


VE 


| CR RA SSS IT SP BERS BT RS SIE TELL ES IE DIE SBS SITS CESS TOD OED BOLI ET TEE BSE DOE LESS OTE SE I AE TIE ERETO 


PULSE DIALLING: 


Pulse dialling is easily done using a high voltage 
optocoupling device and a high voltage PNP transis- 
tor as shown on the typical application diagram. 


HYBRID SYSTEM: 


This system uses an operational amplifier to prevent 
from injecting the emitted signal in the receiving 
path of the modem IC. A typical diagram is given at 
fig. 5. 


AL =2ZL // RVST 


FIGURE 5 


R, represents the impedance of the telephone line 
ZL in parallel with Ryst. Typically we take 


Zi = 600 ohms. 
The hybrid gain of the system is given by: 
ig 
VE Ro RytRi 


For a maximum efficiency you must have Gp =O and 
this gives: 
R3 Ry 
Ro Ry 
The impedance seen from the line must be 
600 ohms, this impedance is given by: 


Zout = Ri 77 Ryst 
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So, if Rysrt, is fixed, Ry is also fixed by Zou = 
600 ohms. 
The gain between the online signal and the modem 
input is: 

RL 
Ry+Ri 
The gain between the line and the modem input is: 


Ge = 


Ga=it—2 
R Ro 
Those calculations are purely theoretical; really the 
line impedance has a complex component, so there 
will be little changes in the value of Ry, Ro, Rg to 
adapt the hybrid system. 


TEA7868 


cru ‘@ | cTP 
PS10004 
PULSE 4% Us | Pstooo 
DIALLING Us | pct 
1 pF | 
ELCO 
(A VA 
te} TEA 7868 
v* 
e : 
770 SR? | 
TELEPHONE 
ee 6N138 4 kn /3W SET 
DETECT al RE 
eal lee 
@; ‘f. ‘1, 
R4 
50 k22 
“ 7 LZ _| 
RS 
al. 10 kQ 
=e 
R2 TkQ 
18 k2 
Vs, 
”, EFB 7513 
R3 
10 kN 
RE 
a... 
Ai, A2: LM358 3.3k2 
R7 
f 16 kN 


COMPLETE DAA INTERFACE CIRCUIT WITH TEA7868 
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TEA7868 


| 
lL 
CPU | | 
CPU {9 | cTP 
PULSE 4% Us tur i2sov) | _-PS10006 
DIALLING Us | mt 
15 kN | 
1 uF a | 
| 
Ze | 


f TPE 
a TPA / ELCC 
+ 


cvs 8 
33 uF 


TEA 7868 


Shere 


—z : 
10 k2/3W 


Z 7 wea 


VILA 


, EFB 7513 CPU 


Ai, A2: LM358 


COMPLETE DAA INTERFACE CIRCUIT WITH TEA7868 


with current limitation (French specification) 
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PHYSICAL DIMENSIONS 


CB-98 


PLASTIC PACKAGE 


(2) True geometrical position 


B pine 


V 


F N6OA 
SITELESC 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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TS68930 ¢ TS68931 


| ADVANCE INFORMATION 


The TS68930/1 (Programmable Signal Processor) is a high-speed 
general purpose signal and arithmetic processor with on-chip 
memory, multiplier, ALU, accumulators and!/Os. It is organized in 
a parallel/pipeline structure to execute simultaneously one ALU, 

- function, multiplication, two reads and one write operation and 
associated address calculation every 160 ns. 


HMOS2 


PROGRAMMABLE 
SIGNAL PROCESSOR 


e Parallel/pipeline Harvard architecture 
© 3 data-bus structure 
¢ 3 data types : 16-bit real, 32-bit real 
: 16 + 16-bit complex number 
@ 2 versions : TS68930 (internal ROMs) 48-pin 
: TS68931 (external ROMs) 84-pin 
© Pipeline complex multiplier 
e2 x 128 x 16-bit RAM 
e 512 x 16-bit coefficient ROM 
e 32-bit instruction bus 
e 64k x 32-bit external program space 
© 68000 family compatibility 
¢ Dual external buses : local/system 


CASE CB-229 


TS68930 
P SUFFIX 
PLASTIC PACKAGE 


TS68931 
E SUFFIX 


PIN ASSIGNMENT 


TYPICAL APPLICATIONS 


e Adaptive processing 
Complex numbers 
Digital filtering 

Fast Fourier transform 
Voice grade communication systems 
High-speed modems 
Speech processing 
Audio Frequencies 
Sonar/radar 

Image processing 

e Robotics 

e Graphics processing 


AUGUST 1986 1/52 
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SECTION 2 
PIN DESCRIPTION 


LOCAL INTERFACE 


Pin | Pin nb. | Pin nb. Descri 
Type |1S68930|Ts68931 escription 
A (8:11) | 


1/0 23 48 [ee ieee Can be concatenated or separate D (0:7), D (8:15) 


(8:11) O . |35.37;39| 45-48 | Address bus High order addresses for local interface | | 
pds | Ot 17 27 [Data Strobe Synchronizes the transfer 
PAW | Oo | 18 | 28 | Read/write | Indicates the current bus oycle state 


CLKOUT = | Clock output The frequency of CLKOUT is one half the frequency of the input clock or 
crystal 


SYSTEM INTERFACE 


System data bus The data exchanges between the processor and a master via a mailbox 


or is the function of this bus. It is also used to generate the addresses of an 
external RAM. - 


PBA | OO | 26 | 44 | Bus Available | 
fIRO =| OC] 24 | 34 (| Interrupt Request Handshake signal sent to the master to gain access to the mailbox 


EXTERNAL BRANCH CONDITIONS 


Pin | Pin nb. | Pin nb. 


| 42-40 | 49-51 | Branch on State ‘| External conditions. Can be programmed on a high or low state 
44 


Branch on Edge External conditions. Falling edge is memorised and reset when tested. 
43 BES shares pin with BA 
OTHER PINS 
Pin | Pin nb. | Pin nb. 


BE6 shares pin with DTACK 
EXTAL Pots 8 [clock CT Crystal input pin for internal oscillator or input pin for external oscillator | 
eee Together with EXTAL it is used for the external 25 MHz crystal 
pvoo | tf 38 | 23-65 | Power supply , 
Eee aa DS a (ear 
PReSeT of} | 23 [| 33 | Reset 


INSTRUCTION INTERFACE (TS68931 only) 


Instruction Instruction bus - 32-bit data 
Address/data bus Instruction address - (116 - 131) 


Coefficient ROM External coefficient ROM address - (16 - 115) 10-bit 
address bus (9-bit address + output enable signa!) 


HALT | 1 { 54 | Halt Signal Halts the processor. This signal freezes the program counter and loop counter 


INCYCLE Instruction 160 ns in REAL mode 
cycle clock 320 ns in CPLX/DBPR Mode 
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SECTION 3 
SUMMARY OF BASIC HARDWARE 


| MODE ..__| 2-bit register defining the operating mode (real/complex/double precision). 


OPERATING MODES 


CONTROL BLOCK 


Resource 


Instruction ROM 


1280 x 32-bit word read-only-memory containing program code and imme- 
diate data. 


Instruction register 32-bit register containing instruction. 


16-bit register containing address of program memory. 


The sequencer can test directly 16 conditions programmed on a high or low 
State. ‘: 


16-bit register for saving program counter in case of subroutine call. 


15-bit register containing a control word for automatic loop. It is divided as 
follows : : 


4-bit register containing the number of instructions to be executed in the loop. 
8-bit register containing the number of loops. © 


3-bit register containing the number of instructions between declaration and 
start of the loop. 


Resource 


Pipeline Multiplier 


16 x 16 — 32 parallel pipeline mult 
cute complex multiplications. , 


2 x 16-bit registers containing multiplier operands. 
2 x 16-bit register containing multiplier result. ; 
Variable 0 - 15-bit right shift, left shift, right rotation barrel shifter. 


‘| 2 port 16-bit arithmetic logic unit. 
5 possible sources, 4 possible destinations, 27-functions. 
Works on 32-bit in 2 cycles. 


ALU output register. 


Flag. Indicates saturation mode . 


15-bit register containing status of ALU, mode, status of address calculation 
units. : — - 


2 x 16-bit accumulator. : : 
2 x 16-bit accumulator. [oa 


4 x 16-bit first in first out register. 


iplier + 16-bit adder/substractor to exe- 


| Barrel Shifter 


Arithmetic Logic Unit 


[Saturation | 4 | SATS 
Lc 
i 
Fifo. Tt 6a7 TF 
‘| Empty Fifo EF 

: 


Flag. Indicates that the fifo is empty ; can be set by software. 


6-bit register allowing replacement of ALU operation code by a data coming 
from L-BUS. 


2 x 16-bit register providing direct transfer between L-BUS and Z-BUS. _ 


Replace Code register 


[Transferregister | 83-9 T 
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MEMORY BLOCK 


od ee 


Data RAMs orp 2 x 128 x 16-bit word random access memories containing data. 
Data ROM 


| CROM 512 x 16-bit word read only memory Sontag coefficients or constants. 


2 x 7-bit arithmetic units providing incrementation, decrementation, auto- 
matic loop of address. 

XACU is dedicated to XRAM. 

YACU is dedicated to YRAM. 


12-bit arithmetic unit providing incrementation, decrementation of address. 


ECACU 
Shared between CROM and ERAM (external RAM). 


Pointers x1 2 x 7-bit registers used for indirect addressing of XRAM. 
Supplementary register used for circular addressing. | 
ya Y1 2 x 7-bit registers used for indirect addressing for YRAM. 
ee ee register used for circular addressing. 
= C1 2 x 9-bit registers used for indirect addressing of CROM. 
| €0,£1 | 2 x 12-bit registers used for indirect addressing of ERAM. 


XRAM Circular Flag Flag. Indicates the circular addressing mode for XRAM. 
YRAM Circular Flag 


Flag. Indicates. the circular addressing mode for YRAM.. 
INPUT/OUTPUT BLOCK 


Access Mode Register . ee 
3 x 8-bit shift register. 


Input Register 
Output Register ROUT 
Mailbox output. 


Ready Out internal | 66 | RDYOIN Flag used in the protocol to indicate which processor has access to the mailbox. 


Address Calculation Units 


7-bit register defining the access mode on the 2 external buses (local and 
system). 
3 x 8-bit shift register. 
Mailbox input. 
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SECTION 4 
ARCHITECTURE 


4.1. INTERNAL ARCHITECTURE 


4.1.1. Parallel processing 


The processor internal architecture is organized around the following blocks : 
— the arithmetic logic unit and its associated working registers 

— the multiplier 

— the 3 memories and their associated address calculation units 

— the transfer register 

— the I/O unit. 


All these blocks can work simultaneously and independently. 


4.1.2. Three-bus structure 


To avoid memory access bottlenecks the processor architecture includes 3 data buses. Two read buses (L-BUS 
and R-BUS) continuously feed the operating units. Thus making it possible to load the ALU and the multiplier 


with the two operands simultaneously. The write bus (Z-BUS) is used to transfer the results back into the RAMs 
(internal or external). 


4.1.3. Wide instruction word 


The 32-bit wide instruction format allows the processor to execute the following operations in 1 instruction cycle: 
— Read two operands (from internal or external memories) 

— Execute an ALU operation 

— Start a multiplication 

— Use the result of the multiplication started 2 cycles before 

— Write a result in internal/external memory 

— Post-modify 3 pointers independently 

— Store data into the transfer register. 


4.1.4. Pipeline (cf. fig. 4.1.) 


The figure 4.1. outlines the overlap of the instruction prefetch and execution as well as the pipelined data operation. 


By using a pipeline structure, the processor performs efficiently on all digital signal processing algorithms. For 
example the result of a multiplication started at instruction IN will be available at IN + 2. That will not prevent 
from starting a new multiplication at IN + 1 which in turn will be available at IN + 3, etc... in effect, giving a 
multiplier throughput of 1 multiplication every cycle. 
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INSTRUCTION CYCLE _ 
PROGRAM COUNTER 
INSTRUCTION 
XRAM ADDRESS | 
CROM ADDRESS 
R-BUS DATA | | 
aus DATA | -~ 
MULTIPLIER INPUT M = 
MULTIPLIER INPUT N os 
MULTIPLIER OUTPUT P 

- 


ALU OUTPUT B+A.K 


YRAM ADDRESS _ 
Z2-BUS DATA 


FIGURE 4.1.A. - PIPELINE DELAY 


Example: READ A(XRAM), READ K(CROM), MULTIPLY A and K, ADD B(ACCUMULATOR), WRITE RESULT A.K +B INTO YRAM. 
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INSTRUCTION CYCLE 
PROGRAM COUNTER 


INSTRUCTION 


XRAM ADDRESS 
CROM ADDRESS 
R-BUS DATA 

L-BUS DATA 
MULTIPLIER INPUT M 
MULTIPLIER INPUT N 
MULTIPLIER OUTPUT P 
ALU OUTPUT 

YRAM ADDRESS 


Z-BUS DATA 
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FIGURE 4.1.8. - PIPELINE THROUGHPUT 


Example: The operation A.K +B (described in fig. 4.1.A.) is executed every cycle. 
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4.2. EXTERNAL ARCHITECTURE 


The TS68930 is provided with two external buses: 
— the system bus: ADO-AD7 

— the local bus: DO-D15. 

The processor is a slave on the system bus. 

The processor is a master on the local bus. 


et 
ADO-AD? --— | | ng — > 00-015 
t | 
! TS68s30 | 
sr/W et | ——-» R/W 
aoe | | 
DS peewee a | | ----» DS 
__ | | 
IR <«---| ! 
DTACK ee | | 
ares = 
SYSTEM LOCAL 


SYSTEM BUS 


The main use of the system bus is for the processor to exchange information with a general purpose 
microprocessor or another TS68930 in a multiprocessor environment. 


The informations are exchanged through a mailbox with a flag (TRO) indicating to the master (the other processor) 
that it can gain access to the mailbox. ; 


LOCAL BUS 


The main use of the local bus is for the processor to exchange information with an external memory, a 
peripheral, a data converter or another TS68930 in a multiprocessor environment. All these external circuits 
are defined as slaves. 


The processor is the master of its local bus, i.e it generates the address and control signals which direct the 
exchange on the local bus. This bus is a direct extension of the internal structure and all emernal circuits 
connected on it, work in exactly the same way as the internal operating units. ; 
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SECTION 5 
FUNCTIONAL DESCRIPTION 


5.1. OPERATING MODES 


The processor provides three operating modes set by programming, each mode representing a different data 
type : 

— REAL = 16-bit data 

— COMPLEX (CPLX) = 2 x 16-bit data 

— DOUBLE PRECISION (DBPR) = 32-bit data. 


The modes are made transparent to the programmer as all operating units and all working registers are provided 
with the right length. 


Main differences between real mode and complex or double precision mode: 


a) In complex and double precision mode the memory space is reduced by half as all operands are 32-bit long (cf. 
format below). | 


b) The instruction cycle time is doubled (320 ns instead of 160 ns) as all operations are made sequentially. 


even address odd address 


LOWER “UPPER DOUBLE PRECISION 


5.2. CONTROL BLOCK 


§.2.1. Instruction ROM: IROM 


The instruction ROM has a capacity of 1280 x 32-bit in the MCU version. It can be extended to 64K x 32-bit in 
the MPU version. 


5.2.2. Program counter: PC 
The program counter is 16-bit wide, 11 bits are used in the MCU version. 


§.2.3. Sequencer: SEQ 


The sequencer increments the program counter except in case of sequence jump which are listed below: 
a) immediate branch 

b) computed branch 

c) jump to subroutine } 

d) return from subroutine (cf 5.2.4.) 

e) automatic loop } (cf 5.2.5.) 


In case of immediate branch the PC is loaded with an immediate value whereas in case of computed branch the 
PC is loaded with a value coming from the accumulators (A, B), the FIFO (F) or the transfer register (T). 
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ree a SS I I SE a 


The sequencer can test directly 16 conditions programmed on a high or low state: 


BRANCH NEVER/ALWAYS EXTERNAL CONDITIONS 

STATUS CONDITIONS ~ 80882 External pins 

— SR Sign (Real) ~ BES-BE6 

- Si Sign (Imaginary) The falling edges of BE3-BE6 are memorized internal- 
— CR Carry (Real) ly and reset when tested by the branch instruction. 
= Cl Carry (Imaginary) The external test conditions are used to synchronise 
aa Zero different processes or as a ready input flag in 
= OVE Overflow multiprocessor system. 

— MOVF Memorized overflow - 

The memorized overflow (MOVF) is reset when tested MAILBOX FLAG 

by the branch instruction. — RDYOIN Internal mailbox flag 


5.2.4. Return address register : RAR 


The JSR instruction allows one level of subroutine nesting with automatic saving of the PC on to the return address 
register (RAR). 


Multiple level of subroutine nesting can be implemented in RAM using either of the two pointers as stack pointer. 
In this case the RAR is used as the last level of nesting. . 


5.2.5. Loop counter: LC 

a) The efficiency of executing repeated calculations often encountered in Digital Signal Processing is considerably 
improved by using the loop counter since the instructions for counter increment and range check are no longer needed. 
This counter can implement a loop of up to 16 instructions repeated 256 times with a delay of up to 8 instructions. 


b) DESCRIPTION: 


LCI : Instruction Loop Counter : 4-bit 

Counts the number of instructions to be executed in the loop 
LCR : Repeat Loop Counter: 8-bit. 

Gives the number of times the loop will be repeated. 
LCD : Delay Loop Counter: 3-bit. 

Gives the delay between the declaration and the start of the loop. 


c) USE: 


A loop is declared by loading the instruction loop counter and the delay loop counter with a constant (INI Instruc- 
tion) and LCR with a constant or a variable (INI or OPDI instruction). 


The loop counter contents can be saved (SVR instruction) with the following format: 


14 13 12 11 10 S 8 7 6 5 a 3 2 1 0 
LCD LCl LOOP 
COUNTER 
14 13 12 11 10 9 8 Z 6 5 4 3 2 1 0 


Asserting HALT will freeze the state of the LC. 
Asserting RESET will reset the LC. 


2-87 


TS68930 ¢ TS68931 


5.3. PROCESSING BLOCK 


§.3.1. Multiplier 

a) The multiplier executes a 16 x 16 — 32-bit signed multiplication every instruction cycle with a delay of 2 cycles 
independently of the operating mode. 

The number representation is signed 2’s complement and the result format for the 3 modes is shown in figure 5.3.1. 
b) USE: 


The multiplier is always active. To start a multiplication the two operands are loaded into the two input 
registers(M, N). 


The multiplication will be repeated every cycle until one or both operands are changed. The processor offers the 
possibility of loading the two input registers independently. 


The result is available in the product register (P) two cycles later. 


c) COMPLEX MULTIPLICATION: 


The processor executes a complex multiplication: 
(A+jB) . (C+jD) = AC — BD + j (AD+BC) 
every 320 ns thanks to an internal 80 ns clock. 


As it can be seen from the equation the complex multiplication can generate an overflow. In this case the 
multiplier overflow (OVFM) is memorised inside the status register. 


d) NOTES: 


No provision is made for the operation 8000 x 8000 (hexadecimal). 
If this condition arises the product will be 8000 (hexadecimal). 


After changing modes the product P is calculated following the new mode. 
The signal HALT (cf. Input/output) will inhibit the loading of the product register P. 


DBPR MODE 46x 16 — 31 


16 
ROUNDING 


(adding 1 TO BIT 14 


30 
30 16 AND TRUNCATION) 


COMPLEX MODE 16x16 — 16 real 
16 x 16 — 16 imaginary 


a1 30 16 31 30 16 
REAL PART IMAGINARY PART 
after rounding after rounding 


FIGURE 5.3.1. - MULTIPLICATION OUTPUT REGISTER (P) FORMATS 
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5.3.2. Barrel Shifter (BS) 


All shift and rotation operations are performed at the L-side (left) ALU input. The operand can come from two sources: 
- LBUS 


-- P (product register) 
There are two types of shift and rotate operations: 


1) The operations which are part of the ALU code: 

— arithmetic shift right by 1 (ASR) 

— logical shift right by 1 (LSR) 

— arithmetic shift left by 1 (ASL) 

— logical shift left by 1 (LSL) 

— logical shift right by8  (LSRB) 

— logical shift left by 8 (LSLB) 

— rotate right by 1 (ROR) 

2) The operations which are implemented through dedicated instructions: 
- ASR (0 — 15) arithmetic shift right byN O<¢ N < 16 
- LSR (0 — 15) logical shift right by N 

- LSL (0 — 165) logical shift left by N 

— ROR (0 ~ 15) rotation right by N 

Note: 


In double precision the shift operations are not executed on 32 bits, but on 2 x 16-bit as the barrel shifter is a 16-bit unit. 
In complex mode the shift operations are executed on the real and imaginary parts. 


6.3.3 ALU 
The ALU inputs are called L-Side (Left) and R-Side (Right). 


There are two possible sources on the L-Side: 
eL BUS : 
e P (multiplier output). 

There are two possible sources on the R-Side: 
eR BUS 

e Accumulators A or B. 


The selection between A or B is made by the field ALU destination (refer to operating codes). If the ALU destination 
field is B then the ALU source is B. In all other cases A will be used. 


The ALU output is called D. 


There are four possible destinations for D: 

e Accumulator A 

e Accumulator B 

e FIFO 

e Z-BUS (no working registers are modified). 


ALU CODES 
There are 27 ALU codes. The list is shown in figure 7.9. 


6.3.4. Saturation mode (SAT) 


If the saturation mode is set (SAT flag) the circuit will behave as follows : 
© Positive overflow = ALU result is forced to 7FFF (hexadecimal) 
e Negative overflow= ALU result is forced to 8000 (hexadecimal) 


The saturation mode does not apply to the double precision mode. 
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5.3.5. Status register: STA 
a) DESCRIPTION 
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4 3 2 1 0 


CONDITION CODE REGISTER (CCR): 


SR 
S| 
CR 


OVF 


MOVF 
AOVF 


OVFM 


Sign (real) 
Sign (imaginary) 
Carry (real) 


Carry (imaginary) 
Zero 


Overflow 


Memorised overflow 
Advanced overflow 


Overflow (Multiplier) 


STATE REGISTER 


EF 


SAT 


MODE 
(2 bits) 


XC 
YC 


b) USE 


Empty FIFO 
Saturation mode flag 
Operating mode 


XRAM 
YRAM 


Set if the msb of the ALU result is 1. Cleared otherwise. 
Set if the msb of ALU imaginary result is 1. Cleared otherwise. 


Set if a carry is generated out of the msb of the operand for arithmetic and 
shift operations. Cleared otherwise. . 


Set if a carry is generated out of the msb of the imaginary part for arithmetic 
and shift operations. Cleared otherwise. 


Set if the result equals zero. In complex mode it is equivalent to the imaginary 
and real parts being both zeros. 


Set if there was an arithmetic overflow. 
This implies that the result is not representable in the operand size. 
In complex mode it is equivalent to the overflow of the imaginary or real part. 


Set as overflow. Reset when tested by a branch instruction. 


Exclusive or of bit 14 and bit 15 of the ALU. 
Set if there was an arithmetic overflow on half Capacity (15 bits in real/com- 
plex mode, 31 bits in double precision mode). Cleared otherwise. 


Set if the multiplier adder/substractor has overflowed. Only meaningful for 
complex multiplication. Cleared otherwise. 


Set if the FIFO is empty. 
Cleared otherwise. 


Set if the PSI is in saturation mode. 
Cleared otherwise. 


Real, complex or double precision. 


Circular addressing mode flag. 
Circular addressing mode flag. 


The status can be saved (instruction SVR). 


The condition code register can be read (in OPIN instruction) and it can be loaded from a RAM via L-BUS (ALU 
code LCCR) without passing through the ALU. 


The state register can be programmed by an INI instruction. 
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5.3.6. Accumulators: A,B 


a) The processor provides two distinct accumulators (A and B). In real mode they are 16-bit long. In complex and 
double precision mode they are 32-bit long. 


b) Changing modes, changes the length of the accumulator and the relation between the words described below. 


CHANGING MODES 


COMPLEX 


| 


REAL 


DOUBLE PRECISION 


| 


REAL 


UPPER LOWER 


COMPLEX 


UPPER LOWER 


It must be noted that the imaginary (respectively lower) part of the word remains unmodified when switching to 
real mode. 


§.3.7. FIFO: F 
a) FUNCTION 


DOUBLE PRECISION 


Highly pipelined algorithms require a series of pipeline registers between the ALU output and the memories in order 
to store intermediate results. 


This is precisely the function of the 4 x 16-bit first-in first-out (FIFO) register. 
b) DESCRIPTION | 
It is a 4x 16-bit deep register that becomes 2 x 32-bit in complex and double precision modes (cf. format below). 


c) USE 


When the FIFO is full it becomes impossible to write into it. 
When the FIFO is empty a status bit (EF) is set. 
This bit can also be set by programmation. 


d) NOTE 


In real mode, a result loaded at instruction IN into an empty FIFO will be available for transfer to the RAM at IN +2. 


In all other cases it will be at IN+1. 
IMAGINARY 
‘REAL | 
IMAGINARY 
REAL 


COMPLEX DOUBLE PRECISION 
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5.3.8. Replace code register: RC 


a) FUNCTION 


The function of this register is to control the ALU by a data coming from the memories via L-BUS instead of an 
instruction. In other words it allows the data to take control of program sequencing without using test instructions. 


For this reason it can be said that the instructions are data controlled. 


b) DESCRIPTION 
It is a 6-bit register with the following format : . 


i 
I-BUS 


BIT 1-5 = ALU code is substituted by this value 


BITO = 0 Destination of ALU output = accumulator A 
= 1 Destination of ALU output = accumulator B 


c) USE 
This register is controlled by three ALU codes : 


Load ALU control code in RC 
Execute ALU control code contained in RC 


Execute ALU control code contained in RC 
Load new ALU control code in RC 


5.3.9. Transfer register: T 


a) FUNCTION 
It is a bidirectionnal register standing between L-BUS, and Z-BUS. 
It can be a source and a destination to both buses. 


Among its numerous uses, it can perform the function of : 
© Loop back to the multiplier in one cycle 

¢ Temporary register between memory and ALU 

e Temporary register between memory and multiplier 

© Operations between accumulators 

© Memory to memory transfer. 

e Saving program counter. 

b) DESCRIPTION 


It is a 16-bit register extended to 32 bits in complex and double precision mode. 


c) USE 
The relation between the 32-bit and the 16-bit word in case of mode switching is identical to the accumulators relation. 
In branch instruction the register can be used to save the PC. 


When the mode is complex the PC (16-bit) is saved into the real part of the register, when the mode is DBPR the 
PC is saved into the upper part of the register. 


T can also be used as a source of the PC: 


‘When the mode is complex the PC is loaded with the real part of the register, when the mode is DBPR the PC is 
loaded with the upper part of the register. 
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5.4. MEMORY BLOCK 


6.4.1. Data memories : XRAM, YRAM, CROM 
The processor architecture allows the connection of four memories: 
e 2 internal RAMs 


XRAM 128 x 16-bit 
YRAM 128 x 16-bit 


e 1 internal data ROM separated from the program ROM 
CROM 512 x 16-bit 


In the microprocessor version this ROM is external. 


© 1 external memory 
~ERAM 4K x 16-bit 

This external memory is accessed in a single cycle (160 ns) in exactly the same way as the internal memories. 
Moreover -it does not require any ‘‘glue’’ parts to be connected to the processor. 


Notes : 


1. In complex and double precision modes all data are 32-bit long. Hence the available memory space is divided by two. 
2. The instruction set allows any combinations of simultaneous use of these memories ; the only restraints are : 


— Reading and writing in the same RAM in the same cycle. 
— Accessing CROM and ERAM simultaneously. 


5.4.2. Addressing modes 


The processor provides four addressing modes: 

e Indirect addressing with post modification. 

e Direct addressing. 

e Immediate addressing. 

e Circular addressing mode (also called virtual shift mode). 


5.4.3. Address calculation units: ACU 


Combining these four addressing modes and the processor 3-bus structure implies the need to generate at 
each instruction cycle three different addresses. To realise these functions each memory is associated with 
an address calculation unit: 

— XRAM with XACU 

— YRAM with YACU 

— CROM or ERAM with ECACU. 
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5.4.4. Pointers: XO, X1, YO, Y1, CO, C1, EO, E1, X, Y 


Indirect addressing is the most commonly used addressing mode in vector or signal processing. For this reason 
the processor offers a large number of pointers (10): XO, X1, YO, Y1, CO, C1, EO, E1 + X and Y for circular mode. 


Each memory can be addressed by two pointers and pointers can be increased (+1) decreased (— 1) or held (+0) 
independently. 


They can also be loaded with new addresses (constants or computed values) and saved in case of context switching 
(cf.format below). 


15 a ae a: a ae 

X X X xX X X xX xX XxX X0,X1,Y0,Y1 
15 8 0 

KX ww XR, & ~~ C0,C1 

15 W 

x x. & e EO,E1 

X = undefined 

15 0 


5.4.5. Circular adressing mode 


a) FUNCTION 


This feature is used to simulate the function of a shift register without moving the data stored. It is Paniiel useful 
in filtering and convolution functions. 


b) DESCRIPTION 

XO : lower limit 

X1: upper limit 

X : current address 

(respectively YO, Y1, Y for YRAM) 


The algorithm can be described as follows: 


1. ADDRESS: ADDRESS + 1 (post-incrementation) 
IF ADDRESS GREATER THAN UPPER LIMIT THEN ADDRESS = LOWER LIMIT 


2. ADDRESS: ADDRESS — 1 (post-decrementation) 
IF ADDRESS SMALLER THAN LOWER LIMIT THEN ADDRESS = UPPER LIMIT 


c) USE 


Programming the circular addressing mode is done independently of the operating modes (real, complex or double 
precision), in the following way. With reference to the instruction OPCODE: example XRAM. 


1. Initialization instruction (INI) 
Circular addressing bit set (K7 = 1) 
Load XO with lower limit. 


2. Initialization instruction (INI) 
Circular addressing bit set (K7= 1) 
Load X1 with upper limit. 


3. INI or OPDI instruction 
Load X with current address (a value between XO and X1). 


After the first instruction the circular addressing mode is effective. 


From now on the programmer has access only to pointer X and X1. All instructions referencing pointer XO will now 
physically reference pointer X. 


To gain access again to pointer XO the programmer goes back to the normal mode by an initialisation instruction. 
d) FLAGS 
When a RAM is in the circular addressing mode, a flag (XC, YC) is set inside the status. 
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5.4.6. ODD/EVEN addresses 


a) In complex and double precision modes the processor automatically generates the two addresses of the word 


(even then odd). 
COMPLEX WORD 
odd address imaginary part upper part 
baa offers the possibility to inverse this order by writing a 1 into the ADOF bit (refer to OPCODE). 
F ; 


0 even followed by odd 
1 odd followed by even. 


b) USE 


This feature is made available independently or simultaneously for XRAM and YRAM. 
With reference to OPCODE. 


XRAM 

Initialization instruction (INI) 

— select complex or double precision mode ~ 

— select pointer XO or X1 and load it with J constant 
— select ADOF bit as wanted (0 or 1). 


YRAM 

Initialization instruction (INI) 

— select complex or double precision mode 

— select pointer YO or Y1 and load it with K constant 
— select ADOF bit as wanted (0 or 1). 


5.5. ACCESS MODE REGISTER: AMR 


a) DESCRIPTION 


This register defines the processor external access modes. | 
Its contents can be initialized with a constant and saved into memory, (cf. format below). 


It is a 7-bit register each bit being defined as shown below: 


FE/SE :Fast exchange/slow exchange on local bus 
SL/PS :Slave/pseudo-Slave on system bus 
SB/CB :Concatenated or separate local bus 

1/M _tLocal bus control signal types 


DTACK/BE6 :BE6 pin redefinition 
BA/BE5 :BES pin redefinition 
MASK ‘Allows the AMR to be masked by the external halt (microprocessor version only). 


I-BUS 


Z-BUS 
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BIT 0: FE/SE 
O FAST EXCHANGE 
1 SLOW EXCHANGE 


The slow exchange mode: 

e Can only be used in the real mode. 

e The circuit automatically repeats the instruction which defines the external transfer. 

e The control of the multiplier, ALU, ACUs, loop counter is the responsibility of the programmer who must take 
into account the repetition of the instruction. 


BIT 1: SL/PS 


0 
1 


A pseudo-slave processor can address an external RAM using the system bus (ADO-AD7) as address lines for its 
own local bus. Consequently the system bus is no more available for exchanging data between the pseudo- 
slave processor and the bus master. 


external access in 160 ns (1 cycle) 
external access in 320 ns (2cycles). 


Slave 
Pseudo Slave. 


The pseudo-slave processor behaves differently from a slave processor since in case of exchange it must 
relinquish this bus to the master following an exchange protocol. (Reference to |/O) 

BIT 2: SB/CB | 

0 = Separate bus 

1 = Concatenated bus. 


The local bus can be used as two independent 8-bit buses (DO-D7), (D8-D15) or a single. 16 bit-bus (DO-D15). 
BIT 3: I/M 


0 = Control pulses Read (RD) and Write (WR) are ‘generated 
1 Control pulses data strobe (DS) and Read/Write (R/W) are generated. 


The local bus supports the two main types of interchange signal: 


e Aslave processor, a data converter such as the MAFE, a 68000 peripheral, etc. requiring a data strobe anda 
read/write pulse. 


e The standard bytewide RAM requiring a read and.a write pulse. 


BIT 4: DTACK/BE6 


= DTACK Indicates transfer acknowledge on me system bus to insure 68000 family compatibility. 
= BE6 External test condition. 


BIT 5: BA/BES 


0 = BA BUS available. Indicates to the master that the pseudo-slave is not using the system bus for 
generating addresses on local bus. 
1 = BES External test condition. 


BIT 6: MASK (TS689831 only) . 


0 = AMR _ is not masked. When an external halt is applied to the processor the AMR register does not 
change. 

1 = AMR _ is masked. When an external halt is applied to the processor the AMR register changes to the 
following state: FAST EXCHANGE, PSEUDO-SLAVE, CONCH EN Ge BUS, RD and Wk control 
pulses. 


This bit can be modified by the programmer even while the HALT is asserted. 
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5.6 RESET . 
The reset signal has the following effects on the different blocks on the circuit : 


SEQUENCER 
PC, LC cleared to zero. 
IR loaded with NOP instruction. 


STATUS: 

© REAL mode 

® no saturation 

© empty FIFO (EF = 1) 

® memorised overflow (MOVF) = 0. 


X or YRAM 
© no circular addressing mode. 


AMR 
e Fast exchange 
e Slave 


¢ Concatenated bus 
e RD and WR 

e BE6 

e BES. 


RESET must be maintained for a minimum of 3 clock cycles (480 ns) to be effective. 


5.7 HALT (TS68931 only) 


The external halt signal will freeze the program counter and the loop counter. The instruction register can then 
be loaded from an external source. This signal is used for system development. If the MASK bit = 1 it will force 
the AMR into the following state: FAST EXCHANGE, SLAVE, SEPARATE BUS, RD and WR control pulses. 
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SECTION 6 
INPUT/OUTPUT 


6.1. DUAL-BUS INTERFACE 


In order to permit a maximum versatility the processor interface provides two buses : 
— the system Bus ADO-AD7 
— the local Bus DO-D5. 


This dual-bus interface allows the processor to be used in the following ways : 

a) a microprocessor peripheral (fig. 6.A.) 

b) a slave of another processor (fig. 6.B.) 

c) a stand-alone unit connected to a peripheral or a data converter (fig. 6.C.) 

d) a processor and its external memory (fig. 6.D.) 

e) an intelligent peripheral connected to a general purpose microprocessor (fig. 6.E.) 


These are some examples of the possibilities offered by the dual-bus interface. In addition very sophisticated 
multiprocessor machines can be built based on the principle of tree hierarchy (fig. 6.F.). In effect each processor 
becomes nested in the multiprocessor machine in the same way as Subroutines are nested in a program tree. 


D0-D7 
TS68930 be— TS68930 


HOST SYSTEM BUS TS68930 TS68930 TS68930 
(FULL MASTER) - (SLAVE) (FULL MASTER) “> (SLAVE) 
FIGURE 6.A. - HOST/TS68930 FIGURE 6.B. - TS68930/TS68930 


DATA 8 or 16 


RW, DS 
TS68930 PERI- 
ADDRESS PHERAL 


RD, WR, A8-A11 


TS$68930 ~<——LOCAL BUS. pERIPHERAL TeHaoag wen LOCAL BUS: nay 
FIGURE 6.C. - TS68930/PERIPHERAL FIGURE 6.D. - TS68930/RAM 


SYSTEM BUS TS68930 LOCAL BUS 


HOST 
je 
(TEMPORARY MASTER) (PSEUDO-SLAvE) ‘968930 RAM 


FIGURE 6.€. - TEMPORARY MASTER/PSEUDO-SLAVE 
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SYSTEM 
BUS 


P = Processor TS68930/TS68931 


BIT 
MAP 
NG 
8 (3 8 
| mMB_| {| mB _| [_mB | 
8 8 8 
| mB | {| mB | [ mB_| 
16 16 16 
RAM RAM RAM 
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16 
8 
| MB Ee 
8 16 16 16 
| MB 
16 
RAM MB = MAILBOX 


FIGURE 6.F. - MULTIPROCESSING MACHINE 
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6.2. MASTER/SLAVE | 


The processor is a master on its local bus anda slave on its system bus. There are times where the processor 
needs to access an external RAM and for that purpose will use the system bus to generate the addresses. 


In this case this circuit prevents the master from using the bus freely and for that reason is called a pseudo-slave. 
Since the master can only gain access to the bus temporarily it is now defined as a temporary master. 


It is the programmer who decides whether the processor should behave as a slave or a pseudo-slave. 
This is done by programming the Access Mode Register. 
That gives four different types of processor configurations: 


Its system bus is used to exchange data with a full master. 
PSEUDO-SLAVE (PS) Its system bus is also used to generate addresses for its local exter- 


nal memory. 
FULL-MASTER (FM) It has complete mastership of its local bus. 


TEMPORARY-MASTER (TM) Its local bus is shared with another processor which uses it to 
generate addresses. 


These exchange type can be summarized to three possible connections: 
1) Full master + slave 


2) Full master + memories or peripherals 
3) Temporary master + pseudo-siave. 


Connection 1 (with reference to fig. 6.A., 6.B.): 


The data is exchanged through a mailbox and the exchange follows the mailbox protocol. 
Connection 2 (example 6.C.,:6.D., 6.E.): 


- The exchange is equivalent to reading and writing of data into locations or registers. 
Connection 3 (example 6.E.): 


The data is exchanged through a mailbox and the exchange follows the mailbox protocol. 


6.3. LOCAL BUS PIN DESCRIPTION 


DO-D7 
D8-D15 16-bit data bus can be concatenated or separate. 
TS68930 A8-A11 4 address bits. 


R/W / ‘ 
Control bits. Can be chosen among 2 sets. 
DS / FO ; 


(AD0-AD7) | Additional address bits. 


DS_ = data strobe. Synchronizes the transfer. 
R/W = indicates the direction of data. 

RD = read clock pulse. 

WR_ = write clock pulse. 


The bus can take the form of two independent 8-bit buses or a single 16-bit bus. 
There are four address bits (A8-A11) which are sufficient to address many slaves without requiring additionnal circuitry. 
The address bus can be extended to 12 bits (ADO-AD7) to access an external memory. 


If a peripheral is too slow to answer in one instruction cycle the processor can be programmed into a slow 
exchange mode. This mode is particularly useful for peripherals such as data converters, or the dedicated 
analogue interface circuit fabricated by THOMSON for modem applications. (The MAFE: Modem Analog 
Front-End). 
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SEPARATION OF LOCAL BUS 


The processor offers the possibility of dividing the local bus DO-D15 into two independent 8-bit buses. This is 
used when a pseudo-slave monopolizes the bus to generate its own RAM addresses (fig. 6.3.) on DO-D7. By 
separating the bus, the processor can remain a full-master on D8-D15 even while being a temporary master on 
DO-D7, and it does not require the use of a bus transceiver on DO-D7. 


The selection between the 2 x 8-bit buses is made by the addresses A10-A11. 


no 
Ppp om 
rep om 
Ppp aoe 


aa, 1 OTNER 
D8-D15 SLAVES 


FIGURE 6.3. - SEPARATE LOCAL BUSES 


6.4. SYSTEM BUS AND MAILBOX 


ADO-AD7 

cs 

RS 

SR/W 

TS68930 

SDS 

DTACK 

BA 

TRO 
ADO-AD7 = 8-bit data bus. 
a = Mailbox control signal. Also used by master to gain access to bus. 
cts . seal eg baie } Generated by external circuit (master) 
TRG = Handshake signal. Used by the master to gain access to mailbox (and bus). 
OTACK == Data acknowledge. Compatibility with 68000 family. 
BA = Bus available. The PSI is not currently using the system bus to generate addresses. 
MAILBOX 


The mailbox is comprised of two sets of registers : RIN and ROUT. 

RIN (3 x 8-bit shift register). 

This register is read internally on the upper byte of L-BUS (L8-L15) and written externally from the system bus. 
After each write operation (commanded by the external master) or slave read operation the data is shifted by 1. 
ROUT (3 x 8-bit shift register). 


This register is written internally with the upper byte of the Z-BUS (Z8-15) and read externally on the system bus 
by the external master. After each master read operation or slave write operation the data is shifted by 1. 
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6.5. MAILBOX PROTOCOL 


L-BUS 
RIN 
ROUT 


Z-BUS 


example 


MAILBOX 


MASTER SLAVE 
This protocol is hardwired on the slave side and programmed on the master side. The mailbox ‘is included in the 
slave. The two slave address pins (CS, RS) are directly connected to two master address lines. 


Therefore, the slave is seen as two external memory locations by the master which will address it by generating 
an external address directly or indirectly (pointer EO or E1). 


By addressing the location 00 the master echoes the IRQ to the slave and accesses the mailbox. 
By addressing the location 01 the master releases the bus. 


The complete protocol is explained below. 


MASTER SLAVE 


MAILBOX 1S AVAILABLE 
Asserts IRQ, RDYOIN 


ee 


Detects IRO = 0 
(one of its external test conditions) 


| 


Applies CS = 0, RS = 0 


detects i __ 


CS =0 S=0 


and releases the system bus 


v 


Negates IRQ 


eee 


Detects IRQ = 1 


{ 


MAILBOX ACCESS 

(3 reads and 3 writes maximum) 
END OF_MAILBOX ACCESS 
Applies CS = 0, RS = 1 


If pseudo-slave E processor is put in Halt state 


resumes program and 


Internal Halt disappears. The processor 
If pSeudo-slave 
takes back control of the bus 


negates RDYOIN 
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SIGNAL MEANING 


RDYOIN 


Internal flag indicating the property of the mailbox. 
0 = Slave has access to the mailbox 
1 Master has access to the mailbox. 


a) RDYOIN is set by the slave and reset by the master. That means that the slave gives the mailbox to the master 

"when it finishes using it and vice-versa. In no case can the master or the slave request the mailbox, it can only wait 
for the other to give it back. . 

b) From the slave point of view, RDYOIN is a flag : 

— tested by a branch instruction 

— set by an initialization instruction. 


IRQ 
Handshake signal used by the master to gain access to the mailbox; 
a) IRQ is asserted by the slave to indicate the availability of the mailbox (at the same time as RDYOIN). 


b) The master (after testing IRQ) knows that it can access the mailbox but does not know if it has access to the 
bus (since it does not know if the slave is behaving as a pseudo-slave). 

It requests the bus by generating the address CS = 0, RS = 0. 

c) The slave internal |/O sequencer answers back by negating IRQ. The master has now full control of the bus and 
the mailbox. 


When the master has completed the exchange it generates the address CS = 0, RS = 1 and the slave internal 
1/O sequencer resets RDYOIN. 


HALT (internal) 


The internal halt has the following effects on the circuit : 

— the program is stopped at the end of the current instruction; the program and loop counters are frozen 
— a NOP is generated on the instruction bus 

— no more addresses are generated on the system bus. 


6.6. INSTRUCTION BUS (TS68931 only) 


For the TS68931, CROM (512x 16-bit) and IROM (64k x 32-bit) are external. They are read using the |-BUS, on 
which are multiplexed: 

— the 16-bit instruction ROM address 

— the 9-bit coefficient ROM address + 1 Output Enable bit (ENCROM) © 

— the 32-bit instruction code. 


In order to synchronize the exchanges, an additional signal is generated: INCYCLE. 
It is the internal instruction clock. 


Data from CROM are read on the local bus. 
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6.7. APPLICATION EXAMPLES 


Sin 


Sout 


Towards 
general purpose 
microprocessor 


(2 x 2K x 8) 


FIGURE 6.7.A. - CONFIGURATION EXAMPLE: TS68930 + RAM + MAFE 
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BSO-BS1 


D8-D15 


TS68930 
(1) 


Towards 
general purpose 
microprocessor 


TS68930 
(2) 


RAM 1K x 16 


D8-D15 


TS68930 
(1) 
TS68930 


FIGURE 6.7.B. - CONFIGURATION EXAMPLE: 3 TS68930 + RAM 
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DS, CST, RS1 
R/W, CSO, RSO 


TS68930 
(1) 


ADO-AD7 


BS2 


TS68930 
(2) 
ADO-AD7 


TS68930 
(3) 
ADO-AD7 


ts, RS 


TS68930 
/1 
RRS CORO Gc 
TS68930 
1 
Eee ee | a) er 
TS68930 
/1 
ee a 


A0-A7 A8-All 


DO-D15 


FIGURE 6.7.C. - CONFIGURATION EXAMPLE: 4 TS68930 + MAFE + RAM 
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TO OTHER 
PERIPHERALS 


D-bus 00-015 


CROM {OE CROM 
§12x16 


TS 
68931 


131-116 
LATCH 
F373x2 


INSTRUCTION 


ROM 


IROM 
(64Kx32) 


FIGURE 6.7.D. - |-BUS INTERFACE (TS68931) 
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SECTION 7 
INSTRUCTION SET 


‘Number | Number of cycles | Number of cycles 


CPLX 
DBPR 


Calculation, instruction with indirect This instruction refers to operands indirectly 
addresing addressed 7 


Operation 


Calculation, instruction with direct ‘The operand sourcing the L-BUS is directly 2 
addressing addressed 

Calculation, instruction with immediate An immediate operand is read on R-RUS 
operand . at us _ 


General shift ASR The operand sourcing the L-BUS can be. 
Instruction shifted/rotated by 0 — 15 bits 


Immediate branch 
Instruction 
Computed branch 
Instruction 


Conditional / unconditional 
branch to direct address 


Conditional / unconditional 


branch to computed address are 
This instruction is used to save register contents 2 
in external or internal RAM 
Pointers, access mode register, loop counter, . 
mode initialization 


Data transfer 
Instruction 
Initialization and control instruction 


INSTRUCTION SET LANGUAGE DEFINITIONS 
Load L-BUS source into transfer register T 
R-BUS source 
L-BUS source 


SL 

SR 

ALU DST 
ALUCODE 
LDM 

LDN 

Z SRC 

Z DST 

ZT 

ACE 

AY 

AX 

BRA 

FT 

SVPC 
JDST 
KDST 
MODE 
SAT 
ADOF 

J7 

J constant 
K7 

K constant 


ALU input selection - left side 

ALU input selection - right side 

ALU output destination 

ALU codes . 

Load L-BUS source into multiplier input M 
Load R-BUS source into multiplier input N 
Z-BUS source 

Z-BUS destination 

Load Z-BUS into transfer register T 


Post incrementation: pointers CROM or ERAM 


Post incrementation: pointers YRAM 
Post incrementation: pointers XRAM 
Branch address source 

False / True condition 

Save program counter 

Destination register for J constant 
Destination register for K constant 
Operating mode 

Saturation flag 

Even / odd flag 


YRAM circular addressing mode flag 


8-bit constant used to initialize registers 
XRAM circular addressing mode flag 
12-bit constant used to initialize registers. 
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7.1, OPERATING CODE FORMATS 


Operations and codes | 


0-NO LOAD, 1-LBUS — T | . 


o of 1 11 
(Xo) [£0] YO] tY1) 


000 001 010 011 100 101. 110 111 
(xo) (X1] [V0] RIN T (E1] (Co) [C1] . 


O-LBUS / 1-P 


0-RBUS / 1-A/B (REFER TO ALU DST) 


CF. SPECIAL TABLE 


00 of 10. 11 : 
001 010 =3011 100 101 110 111 
F A B ol CCR — =- 


NO LOAD / 1-LBUS > M 
NO LOAD / 1-RBUS — N 


10 
a 


7 810 «11 
- -1 
10 
+10 = 


001 010 011 100 101 110 111 
NONE ROUT [YO] [Y1}) {E0) [E1) (x0) {X1] . 


0-NO LOAD / 1-ZBUS ~ T 


og 


8 $3is3sise 
a] 


° 


> 
i] 
+o 
a= 
~_ 
~ 


_) 
== 


2 OST . 


FIGURE 7.1. - OPIN: CALCULATION INSTRUCTION WITH INDIRECT ADDRESSING 


Field Operations and codes 


OP CODE 


00 01 10 3= 11 
[XO]  [E&0) f[Y0]  {[Y1) 


000 =—s_«O01 010 011 100 101 110 111 
_ Y RIN T E Cc 


| 


0-D / 1-F 
O-RBUS / 1-A 


CF. SPECIAL TABLE 


[15 | ALU DST 0-F/1-A : 
16 


LBUS 
DIRECT 
ADDRESS 


1000. 1010 1100 1110 
NONE ROUT [YO] [Yt] [60] [E1)  [X0} LCR 
1001 1011 #1101 =1111 
EO E1 co C1 


FIGURE 7.2. - OPD!: CALCULATION INSTRUCTION WITH DIRECT ADDRESSING 
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OPERATING CODE FORMATS (Continued) 


Operations and oes 


OP CODE 


010 011 101 110 111 
eee xo) t)s«YO). RIN [E1] [CO] [ctl 
ee Ea | 
PSR ORBUS/ 1A 


ALU CODE CF. SPECIAL TABLE 


ALU DST 0-F / 1-A 


IMMEDIATE 
VALUE 


FIGURE 7.3. - OPIM: CALCULATION INSTRUCTION WITH. IMMEDIATE OPERAND 


Operations and codes 


— = ee 


= any 011 iy m0 
RIN 


a [aR 
NOTE: When LSR, ASR, ROR 
shift value is complemented to 2 


LBUS 
DIRECT 
ADDRESS 


FIGURE 7.4. - ASR, LSL, LSR, ROR: SHIFT INSTRUCTIONS 
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OPERATING CODE FORMATS (Continued) 


es 


OR, RAR ; : | 


Fro FALSE, 1-TRUE 


REFER TO SPECIAL TABLE 


0-NO SVPC, 1-PC — RAR 


BRANCH 
ADDRESS 


011 
[Y1] 


101 110 


[x0] 


111 
[YO] [X1] 


0-NO LOAD, 1-ZBUS > T 


0-NO SVPC, 1-PC — RAR 


BRANCH 
SOURCE 


000 001 
F 


010 
A 


011 
B 


7 11000 «111 
NONE (Yo) = [Y1] ~ - [xo] [X11] 


0-NO LOAD, 1-ZBUS — T 


FIGURE 7.6. - BRC: COMPUTED BRANCH INSTRUCTION 
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OPERATING CODE FORMATS (Continued) 


Operations and codes 


OP CODE 


0110 = 0111 
co C1 
1110, «1197 


ZBUS 
DIRECT 
ADDRESS 


2 


Operations and codes 


000 001 010 011 100 101 110 111 
AMR LCD Yo _ ¥1 - RDYOIN EF NONE 


001 010 011 100 101 110 111 
X1 LCI-LCR NONE EO E1 co C1 


01 10 11 
REAL DBPR_ CPLX 
NO SATURATION MODE 1 SATURATION MODE 
NO INVERSION 1 INVERSION LSB ADDRESS X/Y RAM 


J7 0 YRAM NORMAL MODE 1 YRAM CIRCULAR ADDRESSING MODE 


K7 0 XRAM NORMAL MODE __1_ XRAM CIRCULAR ADDRESSING MODE 
K CONSTANT | 


FIGURE 7.8. - INI: INITIALIZATION AND CONTROL INSTRUCTION 
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7.2. ALU CODES 


oo [ave SS 

[aoee [A+ 8 Gann SoOgCgCCmm 
CED CCC 
iso [sewers Foes 
eo fof fo [= [ef re 


foucam fo fofots fol —~fo] toon 
a eeenoNeN (10S Gm 


COMPLEMENT B j#{*[olol*[o|-|a| 1100 _| 
LBUS ~ CCR pupus> CCR Ss ae | ae | ae | af | [ae [ae | otoot | 


a Cee 


aoe 

[noe [exeourenc SSSCSCS~S~S~w wee we ww |r| 

[meen | execute nc /vonpnew coe ——=SSS—id ww www || tomo 
fonpne TCS TCT I 


LOAD RC 


SBC A + B + CARRY 


Li eel cc 

CL ICCC 
fw |¥*}o}ojojo}]—jo 

aa es I CCTS0000 

iC i O00 ae 

a ee ee 

i an CUE RL 


% Affected bit. . 


Notes : 
1) A/B refer to ALU inputs (RESP. LSIDE/RSIDE) not to accumulators A/B 
2) In ASL the Carry bit is equivalent to exclusive - or of bit 14 and 15. 
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7.3. TEST CONDITIONS 


TRUE CONDITION FALSE CONDITION 


BRANCH 
ALWAYS BRANCH NEVER 


ee eT 10 


RDYOIN NO RDYOIN pam | 
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SECTION 8 
PERFORMANCE EVALUATION 


TIME (us) 


TRANSVERSAL FILTER 
(N COEFFICIENTS) - (1) 


REAL 0.160 x N 
COMPLEX 0.320 x N 
ADAPTIVE REAL 0.320 x N 
ADAPTIVE CMPLX 0.640 x N 
BIQUAD FILTER - 4 COEFF 
LATTICE FILTER - 10 STAGE (1) Pe OA 
AUTOCORRELATION - 10 th ORDER (2) 
(240 samples) 8 ps/sample 
(32-bit result) 


> 1.8 ms total 


FFT 
(RADIX 2 - DIF - algorithm) (2) (3) 


64 - POINT COMPLEX 265 
128 - POINT REAL 270 
256 - POINT COMPLEX 2000 
COSINE CALCULATION 


Notes : 

(1) Excluding initialization, context switching, pipeline. 
(2) Using external RAM. 

(3) Including loading/unloading, scaling, bit reserve. 
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SECTION 9 
ELECTRICAL SPECIFICATIONS 


9.1. MAXIMUM RATINGS 


[rating | @ymbot_[ value [Unie 
a 


Stresses above those hereby listed may 
cause permanent damage to the device. 
The ratings are stress ones only and 
functional operation of the device at 
these or any conditions beyond those 
indicated in the operational sections of 
this specification is not implied. Expo- 
sure to maximum rating conditions for 


Storage temperature range ° 
— extended periods may affect device 
| Max. power dissipation =| Pomax | 3 | WwW reliability. Standard MOS circuits han- 


* With tto V dling procedure should be used to avoid 
pee ae possible damage to the device. 


Operating temperature range 


9.2. DC ELECTRICAL CHARACTERISTICS 
Vec = 5.0V + 5%, Vsg = 0, Ta = 0 to + 70°C (Unless otherwise specified) 


9.3. AC ELECTRICAL SPECIFICATIONS - CLOCK AND CONTROL PINS TIMING 
(Vcc = 5.0 V+ 5 %, Ta = 0° to + 70°C; see figure 9.1.) 
OUTPUT LOAD = 50 pF + DC characteristics | load 


REFERENCE LEVELS: Vi: 0.8 V Vin: 2.4V ; a 
VoL: 0.8 V Von: 2.4V tr, tf < 5 ns for input signals 


a haractorieve Sym 
[External clockeyclotime———SSSCSCSC~S~S~S Ct 
[External clockfalltime _———S~S tn 
[External clockrisetime _———S~S 
[EXTAL to CLKOUT high delay SCS toh 
[EXTAL to CLKOUTlowdeley SSCS tod 
[eLkOUTrisetime SSCS tor 
cot | 
Tas | 
Tash] 
=< 
the 
Tate 
The 


Control inputs hold time (BSO...BS2, BE3...BE6, Reset, halt) 


CLKOUT to control output low (IRQ, BA) 
CLKOUT to control output high (BA) 
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tcex 


tc/2 


EXTAL 
~ TY 
tc/2 
aD \ 
RD 
WR tsc 
ope >) a ED .<¢ 
RESET, HALT 
IRQ, BA 
FIGURE 9.1. - CLOCK AND CONTROL PINS TIMING 
INTERNAL CLOCK OPTION 


tdhc 


tdsh 


Acrystal oscillator can be connected across XTAL and EXTAL. The frequency of CLKOUT: tc/2 is half the crystal 
fundamental frequency. 


EXTAL 


TS68930 


XTAL 
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C1, C2 typical value = 10 pF 


TS68930 * TS68931 


9.4. AC ELECTRICAL SPECIFICATIONS - LOCAL BUS TIMING 
(Vcc = 5.0V+5 %, Ta =0° to + 70°C; see figure 9.2.) 


RD, WR, AS pulse width 


address hold time | 
data set-up time, write cycle | tosw | 2 | 
data hold time, write cycle tDHW p10 


| tew | 1/2te-15 


tpw 

tAH 
data set-up time, read cycle | tposR 
data hold time, read cycle 
address valid to WR, AS, RD low 1/2 tc - 40 


ADDRESSES 


R/W 


DO-D15 
DATA OUT 


DO-D15 
DATA IN. 


FIGURE 9.2. - LOCAL BUS TIMING DIAGRAM 
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9.5. AC ELECTRICAL SPECIFICATIONS - SYSTEM BUS TIMING 
(Vcc = 5.0V+45 %, Ta = 0° to + 70°C; see figure 9.3.) 


ADO-A07 
DATA IN 


ADO-AD7 
DATA OUT 


FIGURE 9.3. - SYSTEM BUS TIMING DIAGRAM 
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9.6. - AC ELECTRICAL SPECIFICATIONS - INSTRUCTION BUS TIMING 
(Vcc =5.0V+t5 %, Ta = 0° to + 70°C; see figure 9.4.) 


| Characteristic | Symbol | Min | Mex | Unit _| 
|CLKOUThigh toINCYCLEhigh tc | 818 | ns 
JELKOUTlowtoINCYCLE low ttc | 8s 
|CLKOUThightoaddressvalid dt tsw 40s 
jiBUSaddresshold 0 tw | 20 | 40s 
instruction valid tig | 20s 
Linstructionhold te | Os 
|CROMdataset-uptime tg |tc/2-40] ns 
[CROMdataholdtime tp | Ts 


CLKOUT 


INCYCLE 


t 
ae ES 
CCK KCC Javonesses |» eee inci. 


DATA CROM 


D0-015 


FIGURE 9.4. - |-BUS TIMING DIAGRAM 
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SECTION 10 
PIN ASSIGNMENTS AND 
MECHANICAL DATA 


10.1. - PIN ASSIGNMENTS 


04L '} D3 
D5 L 1} D2 
D6 1} D1 
D7W JDO 
D8 L. wt BES 
D9 L L} BE4 
DIO _J BSO 
D111 ‘1 BS1 
D1i2LI J BS2 
013 Ly A11 
014 ‘}vcc 
D165 LJ A10 
VSS LI ‘J AQ 
XTALL } A8 
EXTAL LU J AD7 
CLKOUT "} AD6 
oso [} ADS 
R/WO PlAD4 
sk/WO P}AD3 
soso Py AD2 
csc Py AD1 
RSC |} ADO 
RESETCE [] BE5/BA 


r) BE6/DTACK 


84-Terminal Chip Carrier (LCCC) 
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TS68931 84-Pin Grid Array (see table 10-1 Pin Assignments) 


eo . 
600. 


>mnmonOoOmMnnreazr 
& 


TABLE 10-1 PIN ASSIGNMENTS 
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10.2. - PACKAGE DIMENSIONS 


CB-229 


(1) Nominal dimension 
(2) True geometrical position 
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SECTION 11 
ORDERING INFORMATION 


[Pecan Twre [Tempura nee [Pam 
Plastic DIL OCto+70 Cc TS68930CP 
P Suffix 40°C to +85°C TS68930VP 
Ceramic DIL 0°C to + 70°C TS68930CC 
C Suffix ~—40°C to +85°C TS68930VC 
Lecce OC 40-4 70°C oe TS68931CE 
E Suffix —40°C to+ 85°C TS68931VE 
0°C to + 70°C TS68931CR 


PGA 
R Suffix 

As the TS68930 is a programmable circuit, a special ordering procedure has to be used. In order to get information 

about this procedure as well as the customer ordering sheet, please contact our sales representatives. 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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MODEM INTERFACE FOR SIGNAL PROCESSING 


Kit of 3 integrated circuits : MODEM Analog Front End (MAFE) 
TS68950: Analog transmit interface 
TS68951: Analog receive interface 
TS68952: DPLL Tx/Rx clock generator 


Covers all DPSK voice grade MODEM applications on leased line and swit- 
ched network (up to 9600 bits per second): 
Band splitting : BELL 212A, V22, V22 bis 
Half duplex : BELL 201, 208, 209 
—-V26, V26 bis, V27, V27 bis, V27 ter, V29, V33 
Echo cancelling: V26 ter, V32 


@ CMOS technology 

@ Supply voltage = +5V and -5V 

@ Power consumption of the kit = 250 mW 

@ 12-bit ADC and DAC ell ete on two channels) 

@ Switched capacitor filters (Rx programmable) 

@ Tx and Rx programmable gain settings 

@ Carrier detector (programmable threshold) 

@ Clock generators synchronized by digital phase locked loops (Tx and Rx) 

e@ Data transfer (Digital samples) and function programming through stan- 
dard 8-bit bus. 


GENERAL DIAGRAM OF A VOICE GRADE MODEM 


Terminal clock 
Clock 
Tx and Rx clock] generator TS68952 
Tx and Rx 


Transmit 


Digital MODEM 
signal analog 
processor — front end 


TS68930 TS68950-51 


> aeatinetin died 


Tx Rx 


(For echo 
cancelling) 


Other signal 
processors 
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TS68950 


PRODUCT PREVIEW 


MODEM TRANSMIT ANALOG INTERFACE 


CMOS 


MODEM TRANSMIT 
ANALOG INTERFACE 
The TS68950 is the transmit section of the analog MODEM front-end which, 
associated with a digital signal processor, as the TS68930, realizes voice- 
grade MODEM applications conforming to CCITT and BELL recom- 
mendations. 


@ 12-bit D/A converter multiplexed on two channels (one channel for CASE CB-68 
echo-cancellation). 

@ 6 th. order low-pass filter and smoothing continuous-time filter. 

@ 0 to 22 dB programmable attenuation. 

@ 8-bit standard bus for digital interface. 

@ Kit with TS68951 and TS68952. 

@ +/-5V power supply. 


P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 
C SUFFIX 
CERAMIC PACKAGE 


J SUFFIX 


RDIP PACKA 
BLOCK DIAGRAM CERDIP PACKAGE 


PIN ASSIGNMENT 


Control 
registers 


12-bit DAC 
(2 channels) Address 
register 


0. CS1, RSO, RS1, E, R/W 
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TS68951 


PRODUCT PREVIEW 


MODEM RECEIVE ANALOG INTERFACE 


CMOS 


MODEM RECEIVE 
ANALOG INTERFACE 
The TS68951 is the receive section of the analog MODEM front-end which, 
associated with a digital signal processor, as the TS68930, realizes voice- 
grade MODEM applications conforming to CCITT and BELL recommenda- 
tions. 


@ 12-bit A/D converter multiplexed on two plesiochronous channels (one CASE CB-132 
channel for echo-cancellation). 

@ 7 th. order band-pass programmable filter. 

@ Back-channel rejection and switched smoothing filter. 

@ Continuous-time anti-aliasing and smoothing filter. 

@ 0 to 46.5 dB programmable gain amplifier. 

@ Threshold programmable carrier detect logic. 

@ 8-bit standard bus for digital interface. 

@ Kit with TS68950 and TS68952. 

@ +/-5V power supply.. . 


P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 
C SUFFIX 
CERAMIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 


BLOCK DIAGRAM 


PIN ASSIGNMENT 
TS68951 


Control 
registers 


Address | 12-bit ADC 


register (2 channels) 


K af 
Gee M 


Apes 


CTRL: CSO. CS1. RSO. RS1. E, R/W 
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TS68951 
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TS68952 


PRODUCT PREVIEW 


MODEM TRANSMIT/RECEIVE ANALOG INTERFACE 


The TS68952 synthetizes all the requested clock frequencies for voice-grade‘ 
MODEM applications conforming to CCITT and BELL recommendations. 
It particularly supplies all clocks requested by the transmit (TS68950) and 
the receive (TS68951) section of the MODEM Analog Front-End and by the 
digital signal processor (TS68930/31). 


e@ DPLL transmit and receive time-base. 

@ Frequency programmation and synchronization of DPLL through 8-bit 
Standard bus. 

@ Possible synchronization of transmit time-base on data terminal equip- 
ment clock or on extracted receive clock. 

@ Four available clocks (Plesiochronous transmit and receive) : bit-clock, 
rate-clock, sampling and multiplexing clocks. 

@ Kit with TS68950 and TS68951. 

@ Single +5V power supply. 


BLOCK DIAGRAM 


Tx clock , Rx clock 
generation generation 


Control 
register 
DPLL-Tx 


CTRL = CSO, CS1, RSO, RS1, E, RW 
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MODEM TRANSMIT/RECEIVE 
ANALOG INTERFACE 


CASE CB-132 


P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 
C SUFFIX 
CERAMIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 


PIN ASSIGNMENT 


24] | TxCCLK 
23 L] TxCLK 


21 {|} RxCCLK 
20 LJ RxRCLK 
19 |} RxMCLK 
18 LJ TxMCLK 


XTAL1L] 13 16 L] TxRCLK 
XTAL1 Lj 14 


TS68952 
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MODEM APPLICATION COVERAGE 


MODEM APPLICATION COVERAGE 


Digital signal Processor Analog front end Additional 
V22 bis 1x TS 7522 1x TS 7542 


1 x TS 68950 Transmit 
1x TS 68930 1 x 68951 Receive 


BELL 201 (V26) HD 


1 x TS 68952 Logic 


1x TS 68951 Transmit 
BELL 208 (V27) HD 1x TS 68930 1x TS 68951 Receive 
1 x TS 68952 Logic 


1x TS 68950 Transmit 
1x TS 68951 Receive 
1x TS 68952 Logic 


1 x TS 68950 Transmit Fast RAM 
1x TS 68930 1x TS 68951 Receive a 16 
1 x TS 68952 Logic é 


1x TS 68950 Transmit 
1x TS 68951 Receive seers 
1 x TS 68952 Logic 
1x TS 68950 Transmit 
V32 (4800) 1x TS 68930 - 1x TS 68951 Receive Pa 
1x TS 68952 Logic 
1x TS 68950 Transmit 
V32 (9600) 2 or 3 TS 68930 a. 


Fast RAM 
256 x 16 


BELL 209 (V29) HD 1 x TS 68930 


V33 (14.4 Kb/s) 


1x TS 68930 


1x TS 68951 Receive 
1x TS 68952 Logic 
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EFB 7513 MODEM 
PRINCIPAL APPLICATIONS 


APPLICATION NOTE AN-058 


INTRODUCTION | 


EFB7513 circuit of THOMSON SEMICONDUCTEURS offers a low cost solution with a minimum of 
- external components to achieve MODEM applications compatible with the applicable CCITT recom- 
mended standard for V23 type modems. In fact, this circuit provides all modulation, demodulation, 

and filtering functions required for FSK modulated data transmission via either switched telephone 
networks or leased data links. Control signal are np with CCITT recommended standards for. 
V24 junction. | 


The present Application Note putiinee the basic application principles of EFB7513 circuit. A typical 
application and its performances are also discussed. 


vg 


FUNDAMENTAL PRINCIPLES 


One of the most important applications i is to connect a terminal via telephone networks to a central 
computer for data acquisition or information retrieval purposes. | 


Public telephone networks are generally designed for voice transmission and as a consequence, have 
a frequency band of 300 Hz to 3400 Hz. 


Consequently, the data transmission must be performed via a modem circuit which will convert the 
binary data into analog signals falling within the voice-frequency band. 


Using public telephone networks is an economic solution since the required installation already exist 
on customer location. Nevertheless, telephone lines impose an important restriction which is data 
transmission rate. This is directly due to the channel bandwidth of the transmission lines. As a result, 
a bi-directional simultaneous transmission is only possible if the two transmission channels are 

adequately separated and fall within the frequency band authorized by the channel. . 


For a system employing the V23 - CCITT standards, the EFB7513 allows for a simultaneous data 
exchange, as indicated below: 


e Onmainchannel, with a 1200-baud modulation rate. The two frequencies used are fg = 2100 Hz 
andf; = 1300 Hz. | 

e On back channel, with a 75-baud modulation rate. The two frequencies used are fg = 450 Hzand 
fy = 390 Hz. 


For the situation where EFB7513 is used to link a remote terminal to a host computer, the data 
transfer from the host computer to the terminal is done on the main channel and takes place at a » 
much higher rate than in the opposite direction. The back channel is used by the remote terminal to 
_communicate with the host computer. In general, these communications are short and consist of, for 
example, nyped messages entered from a keyboard. 
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The function of a MODEM is to allow via public telephone networks or leased data links, a bi- 
directional data transfer between two distant computer-based systems. 
Figure 1 illustrates an example where a computer and a terminal are linked via two modems. 


Operating principles are quite simple. The modem receives the data to be transmitted in digital form, 


converts it to analog signal (MODULATION) suitable for transmission over telephone lines. Inversely, 
it receives analog signals transmitted from distant station, converts them back to digital form 


(DEMODULATION) suitable for the computer. 


COMPUTER 


TELEPHONE 
NETWORK OR 
LEASED LINK 


FIGURE 1: COMPUTER TO TERMINAL LINK VIA MODEMS 


One of the most commonly employed techniques in digital signal transmission is FSK (Frequency | 
Shift Keying) modulation. In this system, 2 frequencies fo and f; are used to represent digital levels 
"O" and ‘1 respectively. - 


In transmit mode, the modem receives binary data supplied for example a microcomputer as a 
EF6805 CT or by a UART (Universal Asynchronous Receiver Transmitter). When a logic ‘’0”’ is 
detected/the modem outputs a sinewave signal of frequency fo. Likewise, for a logic “1” the 
modulator outputs a sinewave signal of frequency fy. 


Binary digital data are so converted by the modem to analog signal containing 2 different frequencies 
of fg and fy with of course, a continuity in phase (see figure 2). The analog signal so obtained, must be 
correctly filtered so as to eliminate the transmission of frequencies other than fo and fy. 


Inversely, the demodulator receives via telephone line, a FSK modulated analog signal. This signal is 
first applied to a band-pass filter which removes all frequencies outside the modem reception band. 
The signal is then converted to digital form and applied to the computer system. 


FIGURE 2: FSK MODULATION 


With a minimum of external components, the EFB7513 performs all of the functions just described. In 
addition to modulation and demodulation of signals, this circuit contains all necessary filtering for 
reception and transmission, while signals compatible with CCITT V24 recommendations are also 
provided. 
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BLOCK DIAGRAM 
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c= ae 
{ 
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Variable Transmit Smoothing 

TxD Rank dividor analog a filter Tat pee 9 ATO 

Xtal INO Z converter j 


Xtal OUT Mc/BC 
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voltage titer 
RxCL KO 
! 
| 
MC/8C 


s 
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TESTO Demodulator | | 
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FUNCTIONAL DESCRIPTION 


CLOCK GENERATOR 


EFB7513 master clock can be generated either from a quartz oscillator with a standard 
3.579545 MHz frequency connected across pins XtallIN and XtalOUT, or from an external CMOS 
clock connected to pin XtallIN. The clock generator generates the following: 


e The internal clocks required to operate the modulator, demodulator and the various filters. 
e The external clocks (CLK, TxCLK, RxCLK) required to operate the following related circuits: 


—CLK: oscillating at the same frequency as the crystal 3.579545 MHz, the clock is used for 
controlling the frequency generator DTMF: the circuit EFG7189 (see application). 


— TxCLK/RxCLK: used for controlling the UART’s (Universal Asynchronous Receiver Transmitter), 
these two variable frequency clocks are equal to 16 times the transmission (TxCLK) and recep- 
tion (RxCLK) modulation rate. 


FUNCTIONAL DESCRIPTION 


| Pin Modulation | Demodulation | Frequency 
| aan aan aememccnmaacaae 


=. 
Rx CLK ; 
fee ee 1200 Bauds 


REFERENCE VOLTAGE REGULATOR 


The reference voltage generator generates an internal reference voltage with a rated 1.5 V value 
used to calibrate the amplitude of the signal transmitted and to define the two demodulator detection 
thresholds. After amplification, the reference voltage output goes out to pin VREF (VREF = —2.4 V). 
With an external potentiometer a fraction of the voltage is applied to input pin RSA in order to adjust 
the bras distortion (see application). 


3.4 kHz LOW PASS FILTER 


This filter with the input connected to input pin DTMF is used to modify the DTMF transmission 


spectrum. : 
The filter output is connected to a multiplexer controlled by logic signal RTS. The DTMF frequency 
couple is directed through a smoothing filter and transmitted to pin ATO. 
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MODULATOR 


The modulator receives binary data from a source such as a UART or a V24 junction and converts 
them into an analog signal using frequency modulation (FSK). 

This signal is transmitted over the telephone network via an appropriate interface. 

The modulator comprises the following: 


e A variable rank divider generating the four transmission frequencies, i.e. 390 Hz, 450 Hz, 
1300 Hz, 2100 Hz. ca | 7 | | 

e Adigit/alanalog converter used to synthesize the sinewave signals. 

e Atransmission filter with the response depending of the modulation rate. This transmission filter 
is supplemented by a smoothing filter so as to eliminate the noise generated by the transmission 
filter switching capacitors. 


The modulator is controlled by three digital inputs (RTS, MC/BC, TxD) and transmits a signal to pin 
ATO. ee — 

When pin RTS is low, pin ATO sends a signal from the modulator. When pin RTS is high, pin ATOsends 
a signal from input DTMF. With no frequency generator DTMF connected, pin DTMF on EFB7513 
should be set to O V. 


MODULATOR 
RTS ATO . 
oe | FSK modulated signal 
mye ~_DTME signal | 


La a a a ee NS, — REE OR er ener NE eR Eee | 


The signal applied to pin MC/BC (Main Channel/Back Channel) selects the frequency couple to be 
transmitted. Each couple consists of a high frequency (fo) and a low frequency (f1). With respect to the 
couple selected on pin MC/BC and with pin RTS low, the modulator outputs a high frequency (fo) if 
input TxD (Transmit Data) is low ("0"), and a low frequency (f7) if input TxD is high (‘’1"’). 


MODULATOR 


R. 35 and V.23 
Recommandations (Hz) ee 


Modulation rate 


" opr 
V+ : muy ‘ 1g 
at lg 


For transmission spectrum optimization, frequency switching is established with phase continuity. 


1200 bauds 1300+10 


_2100+10. 
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DEMODULATOR 


The demodulator receives on pin RAI via a line interface a frequency modulated analog signal from 
the telephone network and converts this signal into binary data. The binary data is transmitted via pin 
RxD over a V24 junction to a computer or a terminal. 

The demodulator consists of the following: 


e Areceive filter with the following 2 parts: 


—a 12 kHz rejector to eliminate taxation frequency at 1200 bauds or 75 bauds, 
—a band-pass filter with a response related to the frequency couple received. 


e A frequency-voltage converter or frequency discriminator with self correlation capable of demodu- 
lating at 75 bauds or 1200 bauds. | | 

e A time-delayed hysteresis level detector where the time delay is related to the frequency couple 
received. 


The band-pass filter attenuates down to the maximum the frequency bands outside the demodulator 
receive band. Figure 3 shows receive filter typical frequency response. From figure 3, it is seen that 
while the modem is receiving at a rate of 1200 bauds the 1300 Hz and 2100 Hz frequencies and is 
transmitting simultaneously on the back channel with the 390 Hzand 450 Hz frequencies, then, the 
frequencies of 390 Hzand 450 Hz are rejected in order to improve the performance of the demodula- 
tor. 


Another important characteristic associated with the receive filter is the gain difference of 3 dB 
between 1300 Hz and 2100 Hz signal frequencies. 


In fact, during the transmission of analog signals via telephone networks, high frequency signals are 
more attenuated than the low frequency signals. The receive filter provides a fixed compromise 
equalizer in order to correct this attenuation difference. 


FIGURE 3: RECEIVE FILTER TYPICAL FREQUENCY RESPONSE 
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Receive filter outputs a signal to pin RFO. An external shaping stage is required for the following: 


e Eliminate the noise generated by the receive filter clocks. 
e Eliminate the continuous component of the signal from the receive filter. 
e Amplify this signal with a fixed gain up to 1.4 V peak to peak and clip it symmetrically above 1.4 V. 


The application gives an example at an external shaping stage. 


The shaping stage drives (via input pin RDI) a signal detector capable of discriminating two levels 
(N1 = 1.4 V, N2 = 1 V). 


The detector output is time delayed and used so as to present an hysteresis effect between levels N1 
and N2. The typical hysteresis value is 2.9 dB. When detection conditions are met, detection signal 
DCD switches to low “0”: binary data is output to pin RxD. 


Input RDI drives a signal detector the output of which DCD is at logic 0” if the level of signal RDI is 
higher than N1. The output of this detector is at logic ‘1’ if the level of signal RDI is lower than N2. 
This detector has an hysteresis effect: N1/N2. 
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Timing detection conditions 
The timing performance of the level detector (DCD) conforms to CCITT Recommendation V23. 
Under normal working conditions, output DCD is: 


e low if signal RD! conforms to the level detection condition, 
e high if signal RDI does not conform to the level detection conditions. 


Output DCD goes from high to low when signal RDI conforms to the level detection conditions for 
20 ms or more (respectively 80 ms for 75 bauds). 


Output DCD does not go from high to low when signal RDI conforms to the level detection conditions 
for 10 ms or less (respectively O for 75 bauds). 


Output DCD goes from low to high when signal RD! does not conform to the level detection conditions 
for 15 ms or more (respectively 80 ms for 75 bauds). 


Output DCD does not go from low to high when signal RDI does not conform to the level detection 
conditions for 5 ms or less (respectively 15 ms for 75 bauds). 


DEMODULATOR 
i i "Modulation rate | DCD transition 
1200 bds 
Poe ——- 2 
75 bds 
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APPLICATION 


In the example of application EFB7513 presented below, circuit EFB7513 is in a system configura- 
tion. The figure below shows an application block diagram with its differents sections: 


Transmit amplifier with the duplexer and line interface. 

Circuit EFB7513 with its shaping stage. 

Circuit EFG7189 generator of DTMF frequencies. 

Microcomputer EF6301V used as an interface between the terminal and circuit EFB7513. 
The bias distortion adjustment device. 


An example of circuit EFB7513 application is shown on the following page with an EF6850 UART. 


RTS 


RESET 


LINE TELEPHONE 
INTERFACE LINE 


3DVIYN3ALNI O/I 


xtop | QUARTZ 
4.9152 MHz 
QUARTZ XTAL 
3,579545 MHz 


BIAS 
DISTORTION 


ADJUSTMENT 


APPLICATION BLOCK DIAGRAM 
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APPLICATION (continued) 


There are three different gains on the duplexer: 


e Gain from point A to point C: Gr. This gain must be constant for the frequencies transmitted (from 
390 Hz to 2100 Hz). , 

e Gain from point A to point B: Gp. This gain must be lower than —10 dBm in order to reject mast of 
the signal transmitted over point A. . 

e Gain from point C to point B: Gr. This gain must be constant for the frequencies received (from 
390 Hz to 2100 Hz). 


Solution proposed: 


DUPLEXER BLOCK DIAGRAM 


R,_ stands for the line interface impedance loaded by the telephone line (600 1). 


e The gainfrom pointAtopointCis:. — = Ry 
ul Ry + R1 


With R1 = 330 Q and if telephone line impedance is 600 Q gain GT = —3.8 dB (a ratio of 0.65). 


e The gain desired from point A to point B is Gp = O 
R3 R3\V Ri 

— + it _— 

at 4 


Sp = — R2)R1 + RL 
If R2 = 12 kN and R3 = 22 kQ, gain Gp ~ O (rejection is almost perfect). 


Since all impedances except the line impedance R; can be accurately controlled, the duplexer 
rejection performance depends directly on R. In practice, due to the variations of the line impedance 
which is not in reality a pure resistive load, an attenuation of around —10 dB is assumed to be 


provided by the duplexer. 
e The gain from point C to point B is: R3 
GRa= 1 R2 


With R2 = 12 kQ and R3 = 22 kQ, gain Gp = +9 GB (a ratio of 2.8). 
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APPLICATION (continued) 


The following diagram shows an example of an amplifier with variable gain controlled by signal RTS. 


+5V 


ATO 


When RTS is high, the transistor is blocked, resistor R3 does not control gain calculation. The gain 
value oopends on R1, R2, R4. 
When RTS is low, the transistor is saturated, the gain value depends on R1, R2, R3, R4. 


DEMODULATOR 
ATS ATO GAIN 


FSK modulated signal R3.R4 
R1.R2+R2.R3+R3.R1 


TRANSMIT GAIN 


Duplexer and line interface 


EFB7513 reception performance is directly related to duplexer quality. The duplexer is intended to 
provide an interface between the EFB7513 and the telephone system. Since data flow is bi- 
directional on the telephone line, the duplexer must allow the received signal to pass on the RAI input, 
properly couple the transmitted signal onto the line, minimize the local transmitted level towards the 
receiver, and properly terminate the transmission line. - 


The duplexer consists of the following: 


e anA input (transmission), 
e aB output (reception), 
e aC input/output (transmission/reception). 


Transmission and reception signals are grouped on a single wire on input/output C. 


TRANSMIT 
AMPLIFIER 


INTERFACE 
LINE 


DUPLEXER 


TELEPHONE 
LINE 


TRANSMITTER-RECEIVER BLOCK DIAGRAM 
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The shaping stage must perform the following functions: 


e Eliminate the noise generated by the receive filter clock. 

e Eliminate the continuous component of the signal from the receive filter. 

e Amplify this signal with a fixed gain up to 1.4 V peak to peak and clip it symmetrically above 1.4 V. 
fi) 


| 


SIGNAL ENVELOPE 


iS Ay 
A. AAA 
WV We VW 


2dB<L1-L2 <5aB 


DCD é | 


DEMODULATION CONDITION 


Levels L1 and L2 have a value ranging from —43 dBm to —48 dBm, with the following restriction 
difference L1 — L2 should range from 2 dB to S dB. 
In circuit EFB7513 the hysteresis effect (N1 —N2) is 2.9dB (example L1 = 44.6 dBm, 
L2 = 47.5 dBm). 
This duplexer line interface unit presents a RAI telephone line gain of +4.5 dB. 
The gain introduced by the receive filter is +4 dB. . = 
The signal on pin RFO is therefore amplified by +8.5 dB. | 
The following diagram shows the signal amplification via the line interface and EFB7513 receive 
filter. 

L1 bis = — 36.1 dBm 


L1 =44.6 dBm — 40,1 dBm 


T. LINE RAI RFu 


L2 =47.5dBm — 43 dBm L2 bis = — 39 dBm 
LINE INTERFACE RECEIVE FILTER 
RECEIVE SECTION 
The values of the levels on pin RDI are: N1 = 1.4 V peak to peak 
= 2.1 dBm. 
N2 = 1 V peak to peak 
= 0.8 dBm. 


2-149 


The figure below shows signal amplification via the shaping stage. The shaping stage should amplify 
the signal by 38.2 dB (a ratio of 81.6) in order to provide levels N1 and N2 on input RDI. 


Solution proposed 


C5 = 220 pF 
C1 = 470 nF 
C2 = 100 nF 
C3 = 470 nF 
CS C4 = 470 nF 
R1= 10k 
R2 = 120 kA 
R3= 47k 
R4= 10k 


C1 
R5= 68k 


RFO—_f 


RDI 


70V 
SHAPING STAGE 


e In the 1st stage, the gain is 21.6 dB (ratio of 12). 

e Inthe 2nd stage, the gain is 16.6 dB (ratio of 6.8). Therefore, the shaping stage presents a gain of 
38.2 dB (ratio of 81.6). 

e C1 eliminates any possible offset generated by EFB7513 receive filter. 

e C2 eliminates switching peaks generated by receive filter clocks. 

e The diodes clip the signal at —O.7 V or +0.7 V. 
In order to obtain a symmetrical clipping of the stage in relation toO V, unit R3C3 forms a high pass 
filter (fc = 7.2 Hz) to eliminate the offset generated by the operational amplifier. 


2-150 


CIRCUIT EFG7189: GENERATOR OF DTMF FREQUENCIES 


Circuit EFB7513 has a DTMF pin capable of receiving a signal from circuit EFG7189 the DTMF 
frequency generator. When RTS is high, the signal is then filtered in a low-pass filter (fc = 3.4 kMz) 
and sent to pin ATO. 


Circuit EFG7189 is a CMOS circuit. It operates with a single voltage (+5 V) and uses a standard 
3.579545 MHz crystal circuit EFG7189 can generate eight different frequencies: 


e Four ‘low’ frequencies: f1 = 697 Hz 


f2 = 770 Hz 
f3 = 852 Hz 
f4 = 941 Hz 
e Four “high” frequencies: f5 = 1209 Hz 
f6 = 1336 Hz 
f7 = 1477 Hz 
f8 = 1633 Hz 


The signal transmitted is output on pin MFOUT. It consists of a “low” frequency and a “high” 
frequency. It is therefore possible to obtain 2¢ i.e. 16 pairs of different DTMF frequencies. The 
frequency pair is selected by four bits. 

Acquisition of these 4 bits is parallel via pins A, B, C, D; when logic input H is high. 

Acquisition of these 4 bits is serial via pin A when logic input H is low. 

Pin ISA inhibit analog output MFOUT. 

When ISA is high, output MFOUT is inactive and connected to O V. 

When ISA is low, output MFOUT is active and sends a DTMF signal. 

Validation of the hexadecimal.code consisting of 46 bits occurs on a falling edge of signal ISA. 


Connection EFG7189 - EFB7513. 

Circuit EFG7189 generating DTMF frequencies uses a crystal similar to that used by EFB7513. To 
avoid using two crystals, pin CLK on EFB7513 delivers a clock signal at a frequency of 3.579545 MHz 
which is connected to pin OSCIN on EFG7189. | 

Pin MFOUT on EFG71839 is directly connected to pin DTMF on EFB7513. 
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CIRCUIT EFG 
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EXAMPLE OF PARALLEL OPERATING MODE 


ISA 


697 + 1209 


1477 


770 


MF OUT 


EXAMPLE OF SERIAL OPERATING MODE 
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TYPICAL APPLICATION OF EFB7513: MODEM STAND ALONE WITHOUT NO DTMF GENERATOR 
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TELEGRAPHIC PERFORMANCE MEASUREMENT 


GENERAL SPECIFICATIONS. 
Transmission line simulator 300 to 3400 Hz controlled characteristics: 


e Output level (signal). 

e Output level (noise). 

e Group delay/HF - MF - BF. 
e Amplitude filter HF - BF. 


Gadem - logic system made by EFCIS: 


e Maximum transmission rate 19200 bits/sec. 
e Generate normalized patterns. 


— Pseudo randow 511 bits. 
— 1.0... with synchro. 
— Specific sequence. 


Clock recovery by DPLL. 

Bias distortion. 

Data transition statistics (distribution). 

Error counting. 

Error rates. 

Delay measurements between command and status register. 


MEASUREMENTS PROGRAMS AVAILABLE (EXTENDED BASIC HP) 


Menu 
It’s an interactive program to create a specific sequence of measurements. 


Modem’s measurements . 
It's the main program to control the execution of the measurements (only one, for all modem’s 
measurements). 


Trace 
Result treatment, graphic output. 


Filtre 
it's used to measure the amplitude and group delay/versus frequency of: 


e Filter. 
e Modem output. 
e Line simulator. 
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MEASUREMENTS 


Bias distortion 


Sequence 1.0... 
Gap between the mean of the time of the "1° and the mean of the time of the ‘’0"’ 
Expressed in percentage of clock period. 


Telegraphic distortion 


Sequence pseudo randow 511 bits. 
Gap between the theoretical transitions of the received signal (defined by the clock recovery by 
DPLL) and the real position. 
Expressed in percentage of the clock period. 
More than 50% of telegraphic distortion made errors. 
Measurement may be: Peak to peak. 
Standard deviation. 
Weighted (ex. value at 10%). 
THOMSON SEMICONDUCTEURS made an hystogram of the values. 


Bit error rate 


Sequence pseudo randow 511 bits. 
Line... 

White noise in the band 300 - 3400 Hz. | 
Ratio of the number of false received bits to the number of emitted bits, as a function of signal to 
noise ratio. 
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ATTENUATION DISTORTION 


ATTENUATION DISTORTION 


APPENDIX 


Characteristics of the lines used in France 


dB CCETT Line 1 (Flat) ms dB CCETT Line 2 (10 
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CHAPTER 3 - TELEPHONE SET ICs 


EFG7189 


DTMF GENERATOR FOR BINARY CODED 
HEXADECIMAL DATA 


This CMOS circuit is designed specifically to provide, with a minimum 
number of external ‘components, a low cost DTMF dialer for micropro- 
cessor-controlled telephone sets operating in accordance with existing 
standards. The 4 bits identifying the frequency pair to be generated may 
be supplied via either 5 connections between the EFG7189 and the mi- 
croprocessor in parallel format or in serial format through 3 connections 
linking the EFG7189 to the microprocessor. This feature eliminates the 
necessity to simulate keyboard-type inputs normally required by standard 
DTMF generators. Input data is stored on trailing edge of ISA signal. The 
tone pair selected by this code is generated while ISA remains low. With 
ISA thigh, the oscillator is inhibited and the device is in standby mode. 
SA pin is connected to V” while device is outputting any tone pair. 


Generates 16 standard DTMF tone pairs 
Uses low cost 3,579 MHz crystal 

Direct microprocessor interface 

Accepts 4-bit data in serial or parallel format 
Data is stored during transmission period 
Low harmonic distortion 

High group pre-emphasis 

Low power consumption in standby mode 
Pull-up to V on all logic inputs. 


BLOCK DIAGRAM 


Counter 


Low group D/A 


High group D/A 


CMOS 


DTMF GENERATOR FOR 
BINARY CODED 
HEXADECIMAL DATA 


P SUFFIX P SUFFIX 
PLASTIC PACKAGE PLASTIC PACKAGE 


PIN ASSIGNMENTS 


TO-116 
(CB-2) 


EFG7189 


EFG71891 


Ref.01915 


EFG7189 


PIN DESCRIPTION 


vr Supply voltage Positive supply. 
Vo Supply voltage OV 


Logic input Parallel input for hexadecimal code allowing the selection of 2 frequencies 
Logic input constituting the DTMF signal (see attached table). 
Logic input 


Serial or parallel input for hexadecimal code. 
Clock input for hexadecimal code serial input register on pin A. Further- 
more, it allows for the selection of the serial or parallel operating mode of 
this code. 
SA Logic output 
e if ISA is low, SA is a low impedance output at V~. 
e if ISA is high, SA is a high impedance output. 
MF OUT Analog output 14 This pin is the DTMF signal output. oe 


When ISA input goes low, the validated code is : 
e the parallel input code if input H is high, 
OSCIN Oscillator This pin corresponds to the input of the inverter of the oscillator. The 
input nominal frequency of the oscillator is 3.579 MHz. 
OSCOUT: Oscillator 7 
output 


e the serial input code if input H is low. 


This pin allows for the inhibition of the analog output MFOUT : 
e When ISA is high, output MF OUT is idle and connected to V~. 

e When ISA is low, the hexadecimal code is validated and MF OUT output 
is activated. 


This pin indicates the state of the analog output : 


This pin corresponds to the output of an inverter with sufficient loop gain 
to start and maintain the crystal oscillating. 
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EFG7189 


LLL a SS SSS SS 


FUNCTIONAL DESCRIPTION 


With ISA input at logic level ‘’1'’, the device is in low 
power mode. The oscillator is inhibited and analog out- 
put MF OUT is at ground level. DTMF input data is de- 
tected on trailing edge of ISA. This transition enables 
both the oscillator and the analog output - then the data 
is stored and corresponding DTMF pair is generated du- 
ring the low state interval of the ISA signal. Any modifi- 
cation to H, A, B, C and D signals during this period will 
not have any further effect on DTMF pair generated. 
The device accepts input data in two different formats : 
e Parallel format ; this requires 4 connections (A,B,C,D) 
"between the microprocessor and the circuit. — 
e Serial format : in this case data is supplied to the cir- 
cuit by the microprocessor via 2 connections A and H 
(see typical application diagram). 


Pre-emphasis is applied to high group tone and both tones 
of DTMF pair are supplied through analog output pin. 


Example of parallel operating mode : 


DATA ACQUISITION LOGIC 


This section includes : A 4-bit shift register, an 8-line to 

4-line multiplexer anda 4-bit storage register (see figure 2) 

e The 4-bit shift register has its input connected to pin 
A and is enabled by the signal applied to pin H. Its 
outputs are AS, BS, CS and DS signals. 

e The multiplexer is enabled by signal H and operates 
according to the following law : Al = H.AP + H.AS 

e The 4-bit storage register operates on trailing edge of 
ISA signal. Al, BI, Cl, DI and AL, BL, CL, DL are 
its inputs and outputs respectively. , 


During. the low state period of ISA input, AL, BL, CL 
and DL signals determine the DTMF pair to be generated. 


. 770 +1477 
MeouUT — 


Stored data (H = 1) 


AL=0 
BL=1 
CL=1 
DL=0 


697 + 1209 


| 


Stored data (H = 1) 
0 


0 
0 
1 


Note : If the circuit operates permanently in parallel mode, then the H input may be left floating (internally pulled-up 


to V*) or tied to logic 1. 


With ISA at logic 0, H,A,B,C and D inputs cannot modify the generated DTMF pair. 
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EFG7189 


Eee nn 


Example of serial-operating mode : 


770 + 1477 697 + 1209 
MF OUT 


0 0 
1 0 
Xx 1 
X X 


| | 

xxx oOo —— > 
o--0 —— >» 
-o°o0o —> 


AS = 1 1 1 
BS = 0 1 X 
cS = X 0 X 
DS = Xx X Xx 
Stored data (H = 0) Stored data (H = 0) 
AL = AS =0 0 
BL = BS =1 0 
CL = CS =1 0 
DL = DS =0 1 


Note : e With ISA at logic 0, H,A,B,C and D signals cannot modify the generated DTMF pair. As a result, in serial 
operating mode, it is possible to enter AS, BS, CS and DS data while another DTMF pair is being generated. 
e First data to be entered is DS. 


EFG7189 


FIGURE 2 — DATA ACQUISITION LOGIC 


AL BL CL DL 


Storage register 


ISA 


H 84ine to 44ine multiplexer 


Ss 
H 
| 
F 
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R 
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EFG7189 


TIMING DIAGRAMS 


RISE/FALL TIME ON INPUT SIGNALS 


— regee) 


PARALLEL OPERATING MODE (H 


0.9 v* 


ISA, 


_ 
=) 
Oo 
aL 
= 


TISAOFF 
TISAON TISAQFEF 
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TISAON 
TMISA 


TPISA 


SERIAL OPERATING MODE 


= 
= 
O 
cs 
= 


ISA 


EFG7189 


TABLE 1 


DTMF specification Frequencies derived from Division % deviation from 
(Hz) a 3.579 MHz quartz (Hz) rank standard 


TABLE 2 


Hexadecimal code 


Generated frequencies 


COD NYAH HPWH = & 
Ome ee enn noo o0GG0 0 x 
eo--060o—=-4- CO = OO «=~ Oo x 
o- O-6- 0-04 00-0 = x 
gle epee el acl ple pl 


x 
0 
0 
0 
1 
1 
1 
1 
0 
P 
0 
0 
1 
1 
1 
1 
0 


0 Ow > # * 
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EFG7189 
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TYPICAL APPLICATION (EUROPEAN STANDARDS) 


PARALLEL CONNECTION 


Regulated voltage 


Second order DTMF 
low-pass output 
EF68HC mune 
04P3 
or 
ETC EFG7189 
9410 
Note : H may be left open or connected to logic 1. 
SERIAL CONNECTION 
Regulated voltage 
DTMF 
Second order output 


low-pass filter 


EF68HC 
04P3 
or 


ETC 
9411 


» EFG7189 


Note :B, C and D may be left floating or connected to logic 1. 


EFG7189 
LLL sss 


SECOND ORDER LOW-PASS FILTER 


Gain 1 


vt_v™ =4V+02V 


DTMF 
OUTPUT 


MF OUT QO 


DTMF 


TDB 358 OUTPUT 


Vv Vvt_v =4V+02V 


EFG7189 


TRANSMISSION CHARACTERISTICS 
Tamb = —25°C to 70°C, V* =3 V to 5.25 V, fg = 3.579. 


Oe 
Ee 
Oc 
= a aaRSe as Be Oe Oe 
fowpwamenin —SSCSC“‘~‘“‘C;é*d dC dT Cd 


Note 1:0 dBm =0.775 Vrms. 
These specifications are related to the following loads. 


Mixed load : Resistive load : 
MF OUT MF OUT v* 
R R 
MF OUT 
R 
R2>33k2 C:any ey R > 120 kQ v- R > 33 kQ 
C<2.2nF  R:any 
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EFG7189 


ABSOLUTE MAXIMUM RATINGS 


a ac se a ae 
Stoo onpwawerne «day ttre | tO 


ELECTRICAL OPERATING CHARACTERISTICS 
All voltages referenced to V~. 


= [we [we [ae 


= [sas fv 
[Operating empereturerenge id; CTope | 8] -SC*dY CSC 


DC ELECTRICAL CHARACTERISTICS 
Tamb = - 25°C to 70°C, V* = 3to 5.25 V, fe = 3.579 (all voltages are referenced to V"). 


p Charnctvinie | symbot Tin typ | Max | Unit | 
peng avertn roar node V°=4V,enpsatona’ [tgp | =| 8 [1 ma 
Standby current (ISA\H,A\B,C,D open circuit or connectedtov*) | isp | - | - | 4 | ga | 


[inputionvine Cd | YC | 
Pinputiahvotee SS SSCS~d pv | 
[Pullap restr on oxcinpuw BAHABED ‘| _ry | wo | - | | xa 
[SA outputcurenVousa=05v) __————*dt toga | so | | = | a) 
[SA eaoge current, opencurant Vousa =v) | rsa | - | - | 2 | sa _| 


A.C. ELECTRICAL CHARACTERISTICS 
Tamb = - 25°C to 70°C, V* = 3 V to 5.25 V, fo = 3.579 


pharactrite ymbot min Try ex [unt 
[Rise/tal ime oninput gn tte | TT co Tm 
[Transmission detey 0 riston P= 


a 
[euckred SSCS Pt 
a 
[Lowiewisleckwith SSCS | 
Setup time of A related to clock ae ae eo ee ee 
[Holdtine of Arotedtociock ————SSSSSCS~SCSCs tw | 
setup tw ofthe code orclockreimeato6A————~S—~d tsa | 1 dT 
[Holsime ot coderemediosa SS SSSSSCS~S~wrC pg | Od 
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EFG7189 


CASES 


EFG7189 


TO-116 
(CB-2) 


(1) Nominal dimension 

(2) True geometrical position 

P SUFFIX 
PLASTIC PACKAGE 


EFG71891 


CB-98 


(1) Nominal dimension 
(2) True geometrical position P SUFFIX 
PLASTIC PACKAGE 


8 pins 


V 
FNéA] CB-98 
SITELESC 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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DATA SHEET 


SINGLE NUMBER PULS 


<= 
x 
Oo 
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FEATURES 

L] Stand-alone DTMF and pulse signaling 

L] Recall of last number dialed (up to 28 digits long) 
LIForm-A and 2-of-7 keyboard interface 

CO Pacifier tone 


L] Powered from telephone line, low operating voltage 
for long loop applications 


DESCRIPTION 


The MK5370 is a Mostek Silicon Gate CMOS IC that 
provides necessary signals for either DTMF or loop dis- 
connect (pulse) dialing. The MK5370 buffers up to 28 
digits into memory that can be later redialed with a sin- 
gle key input. This memory capacity is sufficient for lo- 
cal, long distance, overseas, and even computerized 
long-haul networks. Users can store all 12 signaling keys 
and redial them using either the * or # as the first key 
entry after going off-hook. Figure 2 shows the keypad 
configuration. 


A * or # key input automatically redials the last num- 
ber dialed if it is the first key entered after a transition 
from on-hook to off-hook (HKS input switched from a 
high to low logic level). Auto-dialing is momentarily in- 
terrupted (during interdigital pause period or intersig- 
nal period) while manual keys are depressed, however 
these inputs are not stored into memory. 


FUNCTIONAL PIN DESCRIPTION 


V+ 

Pin 1. V+ is the positive supply for the circuit and must 
meet the maximum and minimum voltage requirements. 
(See Electrical Specifications.) 


MODE/TEST 

Input. Pin 2. MODE/TEST determines the dialer’s default 
operating mode. When the device is powered up or the 
hookswitch input is switched from on-hook (V+) to off- 
hook (V—) the default determines the signaling mode. A 
V+ connection selects to tone mode operation and a V— 
connection selects to pulse mode operation. 


V+ 1 PULSE OUTPUT 
MODE/TEST 2 HKS 
ci 3 Ri 
C2 4 R2 
oa R3 
V- 6 R4 
Osci 7 MUTE? 
Oosc2 8 PACIFIER TONE 
Ic 9 DTMF OUTPUT 


Figure 2. Keypad Configuration 


Pin 2 also forces the device into test mode. Further infor- 
mation on this operation can be obtained from Mostek. 
C1, C2, C3, R4, R3, R2, R1 

Keyboard Input. Pins 3, 4, 5, 13, 14, 15, 16. The MK5370 
interfaces with either the standard 2-of-7 with negative 
common or the inexpensive single-contract (Form A) 
keyboard. . 


A valid keypad entry is either a single Row connected to 
a single Column or V- simultaneously presented to both 
a single Row and Column. In its quiescent or standby state, 
during normal off-hook operation, either the Rows or the 
Columns are at a logic level 1 (V+). Pulling one input low 
enables the on-chip oscillator to begin scanning the key- 
pad. Scanning consists of Rows and Columns alternately 
switching high through on-chip pull-ups. 
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After both a Row and Column key have been detected, 
the debounce counter is enabled and any noise (bounc- 
ing contacts, etc.) is ignored for a debounce period (Tdb) 
of 32 ms. At this time, the keyboard is sampled and if 
both Row and Column information are valid, the infor- 


hook (pin 17 to pin 1), the keyboard inputs all pull high 
through on-chip pull-up resistors. 


IC 


Input. Pin 9. Internal connection. This pin should be left 


mation is buffered into the LND location. If switched on- floating for normal operation. 


V+ O—— Yoo 


v- O——>_ ‘55 


oon] 4 x 28 CMOS =f ES 


DIGIT MUX 
ecm FLASH 


DEBOUNCE 
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PULSE ouTPUT 
DIAL COUNTER es a 

AND DECODE Gag 

. © MUTET 

HIGH FREQ XTAL oo 
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Figure 3. MK5370 Functional Block Diagram — 
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| 
Input. Pin 6 is the negative supply input to the device. 
This is the voltage reference for all specifications. 


OSC1, OSC2 

Input/Output. Pins 7, 8. OSC1 and OSC2 are inputs to 
an on-chip inverter used as the timing reference for the 
circuit. It has sufficient loop gain to oscillate when used 
with a low-cost television color-burst crystal. The nomi- 
nal crystal frequency is 3.579545 MHz and any devia- 
tion from this standard is directly reflected in the Tone 
output frequencies. The crystal oscillator provides the 
time reference for all circuit functions. 


Figure 6. Spectral Response 


DTMF OUTPUT 

Output. Pin 10. An NPN transistor emitter with a col- 
lector tied to V+ drives the DIMF OUTPUT pin. The 
transistor base is connected to an on-chip operational 
amplifier that mixes the Row and Column tones. Figure 
7 shows the timing at this pin. 


The DTMF OUTPUT is the summation of a single Row 
frequency and a single Column frequency. A typical sin- 
gle tone sine wave is shown in Figure 4. This waveform 
is synthesized using a resistor tree with sinusoidally 
weighted taps. | 


Figure 4. Single Tone 
The MK5370 is designed to operate from a regulated 


supply and the row (low group) TONE LEVEL is relat- 
ed to this supply by either of the following equations: 


To = 20 LOG [(0.0776V+)/0.775] dBm 
To = 0.0776(V+) VRMS 


The DC component of the DTMF output while active is 
described by the following equation: 


Voc, = 0.66 V+ — 06 Volts 


PACIFIER TONE OUTPUT 

Output. Pin 11. A 500 Hz square wave is activated on 
pin 11 upon acceptance of a valid key input, after the 
32 ms debounce time. The square wave terminates af- 
ter a maximum of 30 ms or when the valid key is no 
longer present. In pulse mode, all key entries activate 
the pacifier tone. In tone mode, only a redial entry acti- 
vates the pacifier tone. The pacifier tone provides au- 
Figure 5. Dual Tone dible feedback, confirming that the key has been 

3 . properly entered and accepted. 
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Table 1. DTMF Output Frequency 


KEY INPUT STANDARD FREQUENCY | ACTUAL FREQUENCY % DEVIATION 


+0.31 


DIAL SEQUENCE [+] [=] ON-HOOK OFF-HOOk = [# 


_ ENTER ENTER ENTER 


o G 
er _ 


KEYBOARD Wl nt 
CR ite a eae sas ea se ee ee eee cas well = oe ee ca 


MUTE Se ey oe ee eee ---------- oe ee ee 
OUTPUT LOH 


Figure 7. Tone Mode Timing 
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MUTE1 
Output. Pin 12. This pin is the Mute Output for both 
tone and pulse modes. Timing is dependent upon 
mode. 


The output consists of an open drain N-channel device. 
During standby, the output is high impedance and 
generally has an external pull-up resistor to the posi- 
tive supply. 


In tone mode, MUTE1 removes the transmitter and the 
receiver from the network during DTMF signaling. Dur- 
ing dialing, MUTE1 is active continuously until dialing 
is completed. 


In pulse mode, MUTE1 removes the receiver or the 
network from the line. Different circuitry is required for 
tone and pulse muting external to the IC and applica- 
tions using both modes would not necessarily share cir- 
cuitry. MUTE1 timing is shown in Figure 8 for pulse 


DIAL SEQUENCE 


[2] [+] ON HOOK 


ENTER ENTER 


[2] GJ 


mode signaling and Figure 7 for tone mode signaling. 


HKS 

Input. Pin 17. Pin 17 is the hookswitch input to the 
MK5370. This is a high-impedance input and must be 
switched high for on-hook operation or low for off-hook 
operation. A transition on this input causes the on-chip 
logic to initialize, terminating any operation in progress 
at the time. The signaling mode defaults to the mode 
selected at pin 2. 


PULSE OUTPUT 

Output. Pin 18. This pin has a dual function determined 
by the dialing mode selected. In Pulse Mode, the pin 
is an output consisting of an open drain N-channel 
device with zener protection. The break timing at this 
output meets Bell Telephone and EIA specifications for 
loop disconnect signaling. Figure 8 shows this timing. 


KEYBOARD 
INPUT 


KEYBOARD TLL feos 
SCAN IU UE ee ee ee ee LL ru COC PN Nee Ne NLL Lt | PULLUP 


i LIL LIL UU | 


MUTE | | | | | | | | 
OUTPUT 
HKS on | | ON 
INPUT on aie OFF HOOK ON HOOK OFF HOOK . Hook 


PACIFIER 
TONE (I/O) 


Figure 8. Pulse Mode Timing 
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DEVICE OPERATION (Tone Mode) sign also ensures that data stored in the buffer eee 
matches the digits actually dialed. 

When the MK5370 is not actively dialing, it consumes 

very little current. While on-hook, all keypad input pins NORMAL DIALING (Off-Hook) 

are pulled high. Key entries are not recognized unless 


they utilize a keypad common connection to force the 
respective Row and Column inputs low. These inputs Digit 1 |. Digt 2 Digt 2 ere 1 & 
assume opposite states off-hook. The circuit verifies 


that a valid key has been entered by alternately scan- 
ning the Row and Column inputs. If the input is still valid Normal dialing is straightforward, all keyboard entries 
following 32 ms of debounce, the digit is stored into will be stored in the buffer and signaled in succession. 
memory, and dialing begins after a pre-signal delay of | 
100 ms. Each digit buffered into the RAM is dialed out 


with a 98 ms burst of DTMF and an intersignal time of LAST NUMBER DIALED (LND) 


102 ms. 
i, a ee LND 
One important feature of the dialer is its ability to buffer 
data into the RAM before signaling. This feature allows 
less expensive keyboards to be used because signal 
distortion and double digit entry caused by bouncing Last number dialing is accomplished by entering the 
and bounding of the keypad are eliminated. This de- * or # key as the first entry after coming off-hook.. 
DIAL SEQUENCE [ 3 ] CHANGE MOQE [2] CHANGE MODE [1] 
ENTER ENTER ; ENTER 
[3] ‘woors [2] ‘wooes. L] 


KEYBOARD 
INPUT LJ LJ L_J 
KEYBOARD In KEYBOARD SCAN ||| 
SCAN ee ow of ee ow oe eo oF ae of ew = oe ew aw @ oe ow «= a ow ow a Oo ow ow so om = oo ow oe ew ee oe a @ of ww ow ow = ow ow a @ @ awe =o = == = PULLUP 
HKS . 
INPUT OFF HOOK oe 


DIAL DIGIT 2 
DTMF 
UDUPI ss: ection il Si sageees a —— Ce ee 
DIAL DIGIT 3 DIAL DIGIT 1 
PULSE —_=en ene = a= e= LILI _—_e wr ween BoB aww ew es eww es ewe ew ae as as ee ae ewe ae ees awe awe ew es ow ae ow ay ap ae om 2 a= oe ap 
OUTPUT 
MUTED a op asses opener ee 
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Figure 9. Pulse and Tone Mode Timing 
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Absolute Maximum Ratings* 


DC Supply Voltage ........... nada oe anaes TTT err eee ee Ferre reer ..6.5 Volt 
Operating Temperature............. Gietteeen dacaed sn bh eaeeeepieaen ees une. -30°C to +60°C 
StOrage TEMPSIAtUIG: 6666 viav cds e Keb be diancad venh pas bob b 448% 49a NS wae EERE OS —55°C to +125°C 
Maximum Power Dissipation (26°C). vi3 cess ed cicvin aocdds nese bowen bende) bee bene aee sen tA 500 mW 
Maximum: Voliage On Any Pils iiss ode eeb anes 54454 Rede eee be ee ORO OLR ewe HAR 6. .(V+)+.3, (V—-)-.3 


Electrical Characteristics 
* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated. 


DC Characteristics 7 


wm [anaweren | wm | em | wax | wr | NTs 
Vs ecmre ve unaowy | as | 6) wm | 
Vin [onan vee | ts | te) | 

waver fife | ef mf 
In [ov ewenancinen | es | om | mk | 8 
re Min capa cronrg von | te ||| wm |? 
reo cocoon || we | em) 
ie [owaia cour; ws | mw) 
Iain capa sxcarenve =a) ve | 20 | | mm | 9 
me [Pom cso smcwen [so [eo] | mm | 3 
ve [Peter Tow one | mw [owe | | mm | 
hy [Monro eee =| Swe || 

Rem rao rains || me || om | 
a pieaiewion || ae we 
in [Navaeaiemgh iam] |e eT 


NOTES 

1. All inputs unloaded, Quiescent Mode (oscillator off) 5. Memory Retention Voltage is the point where memory is guaranteed 
2. All outputs unloaded, single key input but circuit operation is not. 

3. Voyr = 0.4 Volts 6. Proper memory retention is guaranteed if either the minimum Iy,_ is 
4, Sink Current for Vay7 = 0.5 volts, Source Current for Vout = 2.0 Volts provided or the minimum V,,,. The design does not have to provide both 


the minimum current or voltage simultaneously. 
7. Minimum supply voltage where activation of mute output with key entry is 
ensured. 
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AC Characteristics—Keypad Inputs, Pacifier Tone 


re [sr [rnuneren | ww |e | maw | wre | vores 
3 [tw eerste ff [Om 
[Tree [re sanaine [| we [|e 

a 
= [re [reer fom | 
a Fine [ptertow on | fm || mm 


NOTES 
1. Crystal oscillator accuracy directly affects these times. 


AC Characteristics—Pulse Mode Operation 


re [orm [raanerens | ww | ve [wa | owe | wore 
a 
cs [ror [rmsouirese | || me 
CO 
cr 
a 


NOTES 
1. 10 PPS is the nominal rate. 
2. Figure 8 illustrates this relationship. 
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AC Characteristics—Tone Mode 


See ee 
= [i [Tow oueanorercom [| | an 


-13 -12 
x Hee | Tone Output (dependent) 173 
| = | 9c |r» Tone Output DC Bias (V+ = 2.5) ats 


P= Jos fo Output Distortion — 7 
= | [rm Tone eee Rate - 


Inter-Signal paley 100 


NOTES — 

1. O dBm equals 1 mW power into 600 ohms or 775 mVolts. 5. Supply voltage = 2.5 Volts. These specifications are supply-dependent 
important Note: The MK5370 is designed to drive a 10 kohm load. The 600 6. Time from beginning of tone output waveform to 90% of final magnitude 
ohm load is only for reference. , of either frequency. Crystal parameters suggested for proper operation are 

2. Single tone (low group), varies when used in subscriber set. R,<100 ©, L,, =96 mH, C,,=0.02 pF, C,,=5 pF, f=3.579545 MHz, and 

3. Supply voltage = 2.5 to 6 Volts, Re=10 kohms. c =18 pF. 

4. Re=10 Kohms Z. Time from initial key input until beginning of signaling. 
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TYPICAL APPLICATION 


The MK5370 Mostek Pulse Tone dialer provides both 
cost-effective telephone-line interface and the logic re- 
quired for DTMF (Tone) and Loop Disconnect (Pulse) 
signaling. 


Pulse dialing originated with the rotary dial telephone. 
The Mostek Pulse Tone dialer provides the same capa- 
bility as the rotary dial telephone and the convenience 
of pushbutton entry. The subscriber set (telephone) is 
powered by loop current supplied by the telephone 
company. Signaling, in Pulse Mode, is accomplished 
by repeatedly interrupting the loop current. The cen- 
tral office senses, times, and counts each line ‘‘break”’: 
the number of breaks corresponds to the digit dialed. 
The duration of the break period, the dialing rate, and 
the separation between consecutive digits (IDP time) 
are controlled by the Pulse Tone dialer IC. Loop dis- 
connect dialing is nearly a world-standard concept. 


DTMF signaling consists of modulating the telephone 
line with a signal comprised of two fundamental fre- 
quencies. Each frequency pair represents one of six- 
teen possible digit (or key) entries. Twelve of these 
frequency pairs are commonly used (0, 1, 2, ...., *, #). 
The Mostek Pulse Tone dialer provides DTMF signall- 
ing capability controlling signal duration, separation, 
level, and rate. 


The typical application circuit in Figure 10 illustrates 
one way the Pulse Tone dialer can be used. The pulse 


output provides the signal to break the line to transis- 
tor Q3. Q3 switches off, eliminating the base current 
to Q4, which also switches off. The majority of the loop 
current is then eliminated, resulting in a break condi- 
tion. The IC dialer must be protected from large vol- 
tage fluctuations, such as that caused by interrupting 
the loop current. Transistor Q1 along with R2, C1, and 
Z1 regulate the voltage to the dialer. The Mute Output 
signal is active while signalling each digit to mute pop- 


’ ping noises at the receiver (earpiece or speaker). 
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The DTMF tone output drives the base of Q8, which 
modulates the line. The tone level at tip and ring is de- 
termined by the effective impedance of the telephone 
line and the speech network. 


Mode of operation is controlled by switch S1 (which sets 
the default dialing mode). 


Resistor R1 provides a small memory-retention bias 
current to prevent the device from powering down while 
on hook. The current required for long term memory 
retention is less than 1pA. 


A ceramic sounder can also be interfaced to pin 11 
(PACIFIER TONE) of the device. A pacifier tone signal 
is activated for each key entry in pulse mode. This fea- 
ture provides an audible indication for each valid key 
entry. Keys may be entered faster than the maximum 
signalling rate allows. Audible feedback confirms 
proper key entry. 


TIP 
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DIODE 
BRIDGE RING 
= Cd 


SPEECH NETWORK 


+ C1 
68uF 
PIEZO 
SOUNDER ; 
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XQ == .001uF 
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2N3904 yy 
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KEYBOARD 
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Figure 10. MK5370 Typical Application 
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PACKAGE DESCRIPTION 
18-Pin DIP (N) (.300) 


Plastic 


7 030 + .010 
9 1 
aaa 
10 18 
.300 
870 MAX. NoM— 
.250 
a 
.130+.010 
, i 010 + .002 
015 an 3 
MIN. 
.018¢, cos 
.350 +.050 
+ .010 
Lae + O1e ¢ ¢ 
_ EQUAL SPACES 
@ .100 >| 


NOTE: Overall length includes .010 flash on either end of package 


3-24 


9 \ COMPONENTS COMMUNICATION 
@ MOSTEK | 


SINGLE NUMBER PULS 
DATA SHEET ° SWITC 


FEATURES 
v+——» 1([Je [] 18 ——» PULSE OUTPUT 
© Stand-alone DTMF and pulse signaling MODE ——> 2 17 <— Hs 
Ci/STROBE —> 3 (J ") 16 <t— Ri/A 
c2— 40 ) 15 <t«—— R2/B 
O Softswitch automatically switches signaling mode c3—>- 50 rH 14 <«— Raic 


v-—~ 6 
osci<> 7[) 


. ] 13 <#—— R4/D 
[12 ——> MUTE1 


CX Recall of last number dialed (up to 28 digits long) osc2<—> 8C [] 11 <¢—> PACIFIER TONE/BCD MODE 
ct —— 9 0 10 ——» DTMF OUTPUT 


1 Flash key input initiates timed hook flash 
Figure 1. Pin Connection 


1 Microprocessor interface (BCD inputs) for smart 


telephones 
Vi——> 1(]e T) 24 —— PULSE OUTPUT 
(1) Timed PABX pause MopE——> 20 23 <+— HKS 
Ci/STROBE—> 3] 22 <«— RI/A 
@—~ «40 21 <— R2/B 


10/20 PPS SELECT —> 5(] ) 20 NC 
M-B SELECT——> 6 19 ——® MODE OUTPUT 
c3—> 70 -) 18 <t— R3/C 
V=—e -8 17 ~<— R4/D 


(11 10/20 PPS select option 


C1 Form-A and 2-of-8 keyboard interface osci<—> 9] C16 ——> MUTET 
osc2<—> 10(] [] 15 <t— PACIFIER TONE/BCD MODE 


C—_ 110 14 —— DTMF OUTPUT 


C) Pacifier tone HOOK FLASH —> 127 + 13 <¢— TONE LEVEL 


CI Powered from telephone line, low operating voltage 
for long loop applications 


DESCRIPTION 


The MK5371 is a monolithic, integrated circuit 
manufactured using Mostek’s Silicon Gate CMOS 
process. These circuits provide necessary signals for 
either DTMF or loop disconnect (Pulse) dialing. The 
MK5371 buffers up to 28 digits into memory that can 
be later redialed with a single key input. This memory 
capacity is sufficient for local, long distance, overseas, 
and even computerized long-haul networks. Users can 
store all 12 signaling keys and access several unique 
special functions with single key entries. These func- 
tions include: Last Number Dialed (LND), Softswitch 
(Mode), Flash, and Pause. Figure 3 shows the keypad Figure 3. Keypad Configuration 
configuration. 
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A LND key input automatically redials the last number 
dialed. Keys entered during auto-dialing sequence will 
not be stored or dialed. However, auto-dialing is momen- 
tarily interrupted (during interdigital pause period or in- 
tersignal period) while manual keys are depressed. 


The Mode key simplifies the process of alternating 


dialing modes. This input automatically toggles the 
immediate dialing mode. The function is also stored in 
memory. During auto-redial, the signaling mode is 
toggled each time the Mode code appears in the digit 
sequence. The signaling mode always defaults to the 
mode selected (hardwire or switch) at Pin 2 (MODE) af- 
ter a Power-Up-Clear initialization or a transition from 
on-hook to off-hook (HKS input switched from a high 
to low logic level). Switching modes through Pin 2 tog- 
gles the immediate dialing mode and changes the 
default, but it is not stored in memory. 


Two features simplify PABX dialing. The pause key 
Stores a timed pause in the number sequence. Redial 
is then delayed until an outside line can be accessed 
or some other activity occurs before normal signaling 
resumes. The Flash key simuiates a hook flash to trans- 
fer calls or to activate other special features provided 
by the PABX or a central office. The MK5371 ensures 
exact timing for the hook flash. 


In addition to interfacing with standard keypads, the 
MK5371 also accepts parallel BCD inputs. This feature 
simplifies interfacing a microprocessor-based design to 
the telephone line. The MK5371 buffers 28 bytes of in- 
formation, including special functions. 


All of the preceeding features are provided by the 
MK5371 in an 18-pin package. The same features are 
provided by the MK5372 in a more versatile 24-pin ver- 
sion. Additionally, the MK5372 includes RC program- 
mable hook-flash timing, selectable tone levels, and 
both Make-Break (M-B) and 10/20 pulses-per-second 


selection in the pulse mode. 
FUNCTIONAL PIN DESCRIPTION 


The following pin descriptions are numbered accord- 
ing to the 24-pin package. Pin numbers for the 18-pin 
version are listed in parenthesis under each pin name. 


V+ 

Pin 1 (1). V+ is the positive supply for the circuit and 
must meet the maximum and minimum voltage require- 
ments. (See Electrical Specifications.) 


MODE 

Input. Pin 2 (2). MODE determines the dialer’s default 
operating mode. When the device is powered up or 
the hookswitch input is switched from on-hook, (V+), 
to off-hook, (V—), the default determines the signaling 
mode. A V+ connection defaults to Tone Mode opera- 


tion and a V— connection defaults to Pulse Mode 
operation. 


A Softswitch (Mode) code entered in a number se- 


quence can temporarily modify the signaling mode. Af- 


ter encountering a first Softswitch code in a number 
sequence, the Signaling Mode toggles and is opposite 
the default determined by Pin 2. A second Softswitch 
code toggles the Signaling Mode a second time, return- 
ing the mode back to the default condition. Note that 
the Softswitch code performs a toggle function on the 
default state; switching the state of Pin 2 while dialing 
changes the default state as well as the immediate sig- 
naling mode. 


C1/STROBE, C2, C3, C4, R4, R3, R2, R1 

Keyboard Input. Pins, 3, 4, 7, 11, 17, 18; 21, 22 (3, 4, 5, 
9, 13, 14, 15, 16). The MK5371 interfaces with standard 
keypads as well as a microprocessor-driven 4-bit bus. 


A valid keypad entry is either a single Row connected 
to a single Column or V- simultaneously presented to 
both a single Row and Column. In its quiescent or 
standby state, during normal off-hook operation, either 
the Rows or the Columns are at a logic level 1 (V+). 
Pulling one input low enables the on-chip oscillator. Key- 
board scanning then begins. Scanning consists of Rows 
and Columns alternately switching high through on-chip 
pullups. After both a Row and Column key have been 
detected, the debounce counter is enabled and any 
noise (bouncing contacts, etc.) is ignored for a de- 
bounce period (Tdb) of 32 ms. At this time, the keyboard 
is sampled and if both Row and Column information is 
valid, the information is buffered into the LND location. 
If switched on-hook, the keyboard inputs all pull high 
through on-chip pull-up resistors. Information may still 
be entered into memory but it is not signaled and the 
keyboard scan is disabled. If users desire to enter data 
while on-hook, a 2-of-8 keypad with negative common 
is required. . 


A key entry during LND interrupts the sequence when 
it reaches the redial period until the key is released. Di- 
aling then resumes. The key entered is not stored or 
dialed. < | | 


The keyboard inputs become high impedance when the 
Binary Input Mode is selected. As shown in Table 1, Row 
pins become inputs for the Binary codes from a 
microprocessor in this mode. Table 1 equates the Bi- 
nary Codes to the keyboard digits and special functions. 
The C1 input pin now provides an input for a strobe 
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Figure 4. MK5371/MK5372 Functional Block Diagram 
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strobe used to clock the valid codes into the LND buffer. 
Dialing proceeds at the specified rates. The strobe du- 
ration must be active for at least 2 us to ensure proper 
acceptance of the information. If the strobe remains 
high for longer than 96 ms false dialing may occur. A 
minimum of 8 ms must separate each strobe. Figure 
5 illustrates the required strobe/data timing. Valid en- 
coded signaling information must be present until the 


strobe goes low. Information entered during an on-hook 
operation is stored but signaling is inhibited. Chang- 
ing between BCD and keyboard mode can only occur 
when the HKS input is high, or upon power-up. Cau- 
tion, a power supply transient may be interpreted as a 
power-up condition, and the logic level on pin 15 (11) 
at that time will be interpreted as a valid BCD/Keyboard 
selection. 


Table 1. Binary Input Codes 


KEYBOARD | 
FUNCTION 


—- Ss =| -“ OOOO 
=—_~ = OO =-$ = OO 
-_-oO--'OoO-+-0+0 
NOoh WD =| OC 


0 
0 
0 
0 
0 
0 
0 
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CNA, 
BCD DATA AY YY 


XX 


Ne ee ee ee a Cn Ce © 
==-=- 4 0000 
==-00=-4~90 oo 


WAVAVAVAY, VAVAVAVAVAVAVAVAWAVAV, WAVAVAVAVAVAVAVAV, 
ORK mer KIX a RO 


Tos ig Ton 


0.2V+ 
| ‘ Tsr T 55 


Figure 5. BCD Mode Strobe Interface Timing 
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10/20 PPS SELECT 

Input. Pin 5. In Pulse Mode, 10/20 PPS (pulses per se- 
cond) SELECT allows users to double the dialing rate 
(20 PPS) by tying this pin high. If this input is left float- 
ing or is tied low, the dialing rate is 10 PPS. This input 
has no effect in Tone Mode. 


M-B SELECT 
Input. Pin 6. This pin is used to select the Make-Break 
ratio for pulse dialing. Table 2 shows the make and 
break timings obtained with either a logic 1 or logic 0 
on this input. The 18-pin package has a predetermined 
Make-Break ratio of 40 to 60. : 


Table 2. Make-Break Select 


PIN 6 INPUT MAKE TIME /| BREAK TIME 
V+ 32 68 
V- 40 60 


v= | | 

Input. Pin 8 (6). Pin 6 is the negative supply input to 
the device. This is the voltage reference for all specifi- 
cations. 


OSC1, OSC2 | 

Input/Output. Pins 9, 10 (7, 8). OSC1 and OSC2 are in- 
puts to an on-chip inverter used as the timing reference 
for the circuit. It has sufficient loop gain to oscillate 
when used with a low-cost television color-burst crys- 
tal. The nominal crystal frequency is 3.579545 MHz and 
any deviation from this standard is directly reflected in 
the Tone output frequencies. The crystal oscillator pro- 
vides the time reference for all circuit functions. 


HOOK FLASH 

Input. Pin 12. HOOK FLASH lets users control the Flash 
signal duration. An external resistor and capacitor de- 
termine the exact duration of the Flash. Tying this in- 
put low results in a default Flash time period (600 ms), 
eliminating the need for an external RC. The RC values 
may be fixed or variable components may be used to 
ensure compatibility with all systems. 


The component values required may be calculated us- 
ing the following equation: 


The capacitor should be no larger than 1yF. The time 
period may be made long enough to disconnect the tel- 
ephone from the line. This may prove particularlly use- 
ful in microprocessor.applications. The recommended 
range for the Te asy period is from 100 ms minimum 
to a maximum of two seconds. 


TONE LEVEL 


Input. Pin 13. The DTMF OUTPUT is the summation of 
a single Row frequency and a single Column frequen- 
cy. A typical single tone sine wave is shown in Figure 
6. This waveform is synthesized using a resistor tree 
with sinusoidally weighted taps. 


The MK5372 is programmable between two methods 
for referencing the TONE LEVEL. The first method, 
selected by tying this pin low, is the supply-dependent 
TONE LEVEL where the TONE LEVEL is a linear func- 
tion of the supply voltage (compatible with the MK5089). 
The second method, selected by tying this pin high, is 
the independent TONE LEVEL determined by an on- 
chip reference independent of the supply voltage (com- 
patible with the MK5380). See Table 3. 


Method 1 is designed to operate from a regulated sup- 
ply and the TONE LEVEL is related to this supply by 
either of the following equations: 


To = 20 LOG [(0.0776V+)/0.775] dBm 


To = 0.0776(V+) VRMS 


Table 3. Tone Level Select 


TONE LEVEL SELECT INPUT 


V— (Method 1) 
V+ (Method 2) 


TONE REFERENCE 


Supply 
On-Chip Reference 


COMPATIBLE WITH 


MK5089 
MK5380 
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The DC component of the DTMF (Method 1) output 
_ while active is described by the following equation: 


Voc, = 0.66 V+ — 06 Volts 


Method 2 provides a constant tone output and modu- 
lates its own supply in a minimum parts count configu- 
ration. The minimum instantaneous. voltage level 
required for proper operation is 2.5 volts with the device 
modulating its own supply. This version may also be 
operated on a regulated supply, but users should be 
aware that operation below 3.0 volts could cause ex- 
cessive distortion. 


The TONE LEVEL, when used in a subscriber set 
without a regulated supply, is a function of the output 
resistor Re and the telephone AC impedance Z,. The 
low-group single tone output amplitude is a function of 
Re and Z, by the relationship: 


where Vo is the tone output amplitude at the phone 
line, and Z, is the equivalent AC impedance in shunt 
with the tone generator. Z, typically varies with loop 
current. Re is the resistor value from DTMF OUTPUT 
to V-. In a 2500-type application, Z, varies from 200 
to 500 ohms. Thus, at the phone line, tone output lev- 
els range from 200 to 400 mVRMS, depending on loop 
current. 


nt 


— bee 
ee 
mE ae 


Figure 6. Single Tone 
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Figure 7. Dual Tone 


Figure 8. Spectral Response 
eS ee ee ee Fae RE EE ES 


The DC component of the DTMF output while active is 
described by the following equation: 


Voc, = 0.3 V+ + 05 Volts 


MODE OUTPUT 

Output. Pin 19. MODE OUTPUT is driven by an open 
drain N-channel device. It provides an active low level 
in Pulse Mode only and is high impedence during Tone 
Mode and when the device is switched on-hook. It pro- 
vides a means for indicating the active dialing mode. 


DTMF OUTPUT 

Output. Pin 14 (10). An NPN transistor emitter with a 
collector tied to V+ drives the DTMF OUTPUT pin. The 
transistor base is connected to an on-chip operational 
amplifier that mixes the Row and Column Tones 
together. Figure 8 shows the timing at this pin. 


PACIFIER TONE OUTPUT/BCD MODE 

Input/Output. Pin 15 (11). A500 Hz square wave is acti- 
vated at this pin upon acceptance of a valid key input, 
after the 32 ms debounce time. The square wave ter- 
minates after a maximum of 30 ms or when the valid 
key is no longer present. In the Pulse mode the PACI- 
FIER TONE is activated for all key entries. The PACIFI- 
ER TONE provides audible feedback, confirming that 


the key has been properly entered and accepted. In 
Tone mode, only the LND key activates the PACIFIER 
TONE. 


This pin is normally high impedance until a key is en- 
tered. Connecting this pin high through a resistor 
causes the circuit to accept BCD inputs through the 
ROW pins. In Binary Mode, as mentioned in the key- 
board interface description, the keyboard inputs are all 
high impedance. Keypad inputs in this mode are not 
recognized. Connecting this pin low enables the key- 
board scan circuitry, which allows entries. The mode 
of operation is selected upon power-up, and thereafter 
may only occur when HKS pin 23 (17) is high. 


Table 4. DTMF Output Frequency 


KEY INPUT STANDARD FREQUENCY | ACTUAL FREQUENCY % DEVIATION 


pia. sequence [1] [*] [3 | 


ENTER ENTER ENTER ENTER 
LJ L*] FLASH [3] 
KEYBOARD 
INPUT 
TAN WL ||| | 
SCAN Ean eee ae eae @ eee KEYBOARD SCAN Eee ee @e@ewewee aa 
HKS | 
INPUT 
ae = tko 
eae ae eae TA I Ii IAIN i oa sn ei ce dich asta ncaa” WPM ae ee cca a nse 


DTMF aia 
OUTPUT | | >| tisp = 


PULSE _—_ = | oe oe ew oe oe we we ee ww i mem em wm gE I TO NE ew ewe ses er nr oer sss Ore 
OUTPUT | | 
: V/TR —> 
>| tosp 


MUTE ~~~™~ -<--— 
OUTPUT 


Figure 9. Tone Mode Timing 
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MUTE1 

Output. Pin 16 (12). This pin is the Mute Output for both 
Tone and Pulse Modes. Timing is dependent upon 
mode. 


The output consists of an open drain N-channel device. 
During standby, the output is high impedance and 
generally has an external pullup resistor to the posi- 
tive supply. 


In Tone Mode, MUTE1 removes the transmitter and the 
receiver from the network during DTMF signaling. Dur- 
ing dialing, MUTE1 is active continuously until dialing 
is completed. 


In Pulse Mode, MUTE1 removes the receiver or the 
network from the line. Different circuitry is required for 
Tone and Pulse muting external to the IC and applica- 
tions using both modes would not necessarily share cir- 
cuitry. MUTE1 timing is shown in Figure 10 for Pulse 
Mode signaling and Figure 9 for Tone Mode signaling. 


HKS 

Input. Pin 23 (17). Pin 23 is the hookswitch input to the 
MK5372. This is a high impedance input and must be 
switched high for on-hook operation or low for off-hook 
operation. A transition on this input causes the on-chip 
logic to initialize, terminating any operation in progress 
at the time. The signaling mode defaults to the mode 
selected at Pin 2. , 


PULSE OUTPUT 

Output. Pin 24 (18). This pin has a dual function deter- 
mined by the dialing mode selected. In Pulse Mode, the 
pin is an output consisting of an open drain N-channel 
device with zener protection. The break timing at this 
output meets Bell Telephone and EIA specifications for 
loop disconnect signaling. The Make/Break ratio is not 
user selectable in the 18-pin version. PULSE OUTPUT 
also provides the break timing for the hook flash func- 
tion. Figure 10 shows this timing. 


DIAL SEQUENCE [2] [7] [1] 


ENTER ENTER ENTER ENTER 


2] GF) Lewse]  G] 


KEYBOARD 
INPUT 


KEYBOARD 
SCAN 


HKS 
INPUT 


eee 
oo en oeeeeee | emer: 


PACIFIER 
TONE (I/O) 


[ee Lt LL La” ~~ —CCtC“<;<; TSC StS”SCt~<“‘“‘“CSOCOC~™C™C™S 


Figure 10. Pulse Mode Timing 
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DEVICE OPERATION (Tone Mode) 


When the MK5371 is not actively dialing, it consumes 
very little current. While on-hook, all keypad input pins 
are pulled high. Key entries are not recognized unless 
they utilize a keypad common connection to force the 
respective Row and Column inputs low. These inputs 
assume opposite states off-hook. The circuit verifies 
that a valid key has been entered by alternately scan- 
ning the Row and Column inputs. If the input is still valid 
following 32 ms of debounce, the digit is stored into 
memory, the Mute Output is activated, and dialing be- 
gins after a pre-signal delay of 100 ms. Each digit 
buffered into the RAM is dialed out with a 98 ms burst 
of DTMF and an intersignal time of 102 ms. 


One important feature of the dialer is its ability to buffer 
data into the RAM before signaling. This feature allows 
less expensive keyboards to be used because signal 
distortion and double digit entry caused by bouncing 
and bounding of the keypad are eliminated. This de- 
sign also ensures that data stored in the buffer exactly 
matches the digits actually dialed. 


NORMAL DIALING (Off-Hook) 


po} jo] | 0 | ...-ere 


Normal dialing is straightforward, all keyboard entries 
will be stored in the buffer and signaled in succession. 


LAST NUMBER DIALED (LND) 
LND 


Last Number Dialing is accomplished by entering the 
LND key. 


PABX PAUSE 


0 | (oO | eae 


A pause may be entered into the dialed sequence at 
any point by keying in the special function key, Pause. 
Pause inserts a 1.1-second delay into the dialing se- 
quence. The total delay, including pre-digital and post- 
digital pauses is shown in Table 5. 


HOOK FLASH 


oF FLASH po eee ie 


HOOK FLASH may be entered into the dialed sequence 
at any point by keying in the function key, Flash. The 
flash function is stored in the LND buffer just like any 
other digit, but it will not be redialed, and acts much 
like Pause. Flash consists of a timed Break whose peri- 
od is determined by the RC value used on Pin 12 
(MK5372). Tying this input low will set HOOK FLASH 
to the chip default time of 600 ms. The MK5371 has 
a HOOK FLASH time of 600 ms. 


SOFTSWITCH 


oo | 8 | ETO 


Softswitch allows the user to easily switch from Pulse 
to Tone Mode while dialing a number sequence. For 
example, the first digits may be entered in Pulse Mode. 
Signaling will proceed in Pulse Mode until a Softswitch 
(Mode) entry is encountered. Any subsequent digits are 
dialed using DTMF signals. A hookswitch transition or 
a second Softswitch entry returns dialing to the origi- 
nal Default Mode. 


Each special function provides a built-in delay before 
auto-dialing resumes. The fixed delay introduced by the 
function is 1.1 seconds. In addition, the fixed delay is 
preceded and followed by the standard interdigital 
pause period that depends on the selected signaling 
mode. Table 5 lists the actual delays produced by each 
function. 


Table 5. Special Function Delay Periods 


PAUSE IDP + 1.1 + IDP 
SOFTSWITCH IDP + 1.1 + IDP 
FLASH (RC) 6 + IDP 

(V-) IDP 


NOTE: 


FUNCTION DELAY PULSE MODE TONE MODE 


The Flash delay times do not include the break interval, only the time following break. 
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DIAL SEquENcE[3]| [ss] [2] [ss] [7] 


ENTER ENTER ENTER ENTER ENTER 


s&s eB s&s 
ame LL 


KEYBOARD KEY SCAN ANE JK 
_ IN BOARD 


HKS | N 
INPUT OFF HOOK 0 


HOOK 


OUTPUT | | | 
DELAY 2.1/SEC DIAL DIGIT 2 DELAY 2.1 SEC 
DTMF 


OUTPUT 


fe “a Ss ee a aa cles ca sas ses nh ia esa “es eg ee, fe ee sec ye et en de ee ee 


DIAL DIGIT 3 DIAL DIGIT 1 
OUTPUT 


ee (aa a | as 


NOTE: [Ss] = Softswitch 


Figure 11. Pulse and Tone Mode Timing 


3-34 


ABSOLUTE MAXIMUM RATINGS* 


De SUpOWy VONAGS sou oh 5 p5:s.yea cag eae nies ak. eee eos Aes ree Seas ehbat eee eeesyss 6.5 Volt 
Operating Temperature... 6... ce eee ent ene ees —30°C to +60°C 
MIOMEOS TEMMSIAIUIS 6c ¢avios babe h oa seo ey 54 dW. 4G GSS 54a HORROR OPUS ERA —55°C to +125°C 
Maximum Power Dissipation (25°C) ...... 0.0.0.0... ccc cece nes ee eee ee ee ee ee 500 mW 
Maximum Voltage On any PIN .2s 6. ccc idesn cewek vadev de eeabieeensinoebaaed (V+)+0.3, (V—)—0.3 volt 


“Stresses greater than those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 


* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated. 


_ DC CHARACTERISTICS 


om ramuweree | mw |e | ma | owe | nares 
vs [ocommevone | as) ao] me 
Vin [Menon Aeon vonge | ts vs || ee 
iy [omar | me | 
immerses [| ow os [ke 
ir [oom =| we | we | 
[oes [a ae 
[sae Oupe srccures =i a || 

im [ose onousmcwen | ve | ae | | mm | 9 
he |Patarow omiuce + we | we | | | + 
fe fewraomees ee 


Pe [reer ea 


NOTES: 

1. All inputs unloaded, Quiescent Mode (oscillator off), V+ = 2. 5V 5. Memory Retention Voltage is the pcint where memory is guaranteed 
2. All outputs unloaded, single key input but circuit operation is not. 

3. Vout = 0.5 Volts, V+ = 2.5 V 6. Proper memory retention is guaranteed if either the minimum ly, is 
4. sink Current for Vout = 0.5, Source Current for Vout = 2.0 Volts provided or the minimum V,j,. The design does not have to provide both 


the minimum current or voltage simultaneously. 
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AC CHARACTERISTICS KEYPAD INPUTS, PACIFIER TONE 


ou lower wm | P| wax | owe | vores 
is [toettwemntee | fp | 
fs |tomsssonfonmer | ae || me | 
Ta [Neko faertnm mt 
or [rome row | it we |) me | 
fe [rmmetewaeemn ft [fm 
Tr [tower tnng S| we | me 

[wenn [Le 
Ts omen PT pe 
CC a 
Ts [sows | wm fe 
fs omesewir df @ | 


NOTES: 
1. Crystal oscillator accuracy directly affects these times. 3. HOOK FLASH pin input must be tied to V— on the 24-pin version, otherwise 
2. Figure 5 illustrates this timing relationship. this time is described by external RC values. 


AC CHARACTERISTICS PULSE MODE OPERATION 


‘so [raramerens | wm | ve | wax | unre | voves 
fo rere TT | me] 
Tier [resarae Ss tw | | 
Tr [hwsoairame «di wwe | fm 
Pan fmwomieree Te 


Break Time (MK5371) 
(MK5372 Pin 6 to V+) 
(MK5372 Pin 6 to V—) 


NOTES: 
1. 10 PPS is the nominal rate; 20 PPS is available on the 24-pin version. 
2. Figure 10 illustrates this relationship. 
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AC CHARACTERISTICS TONE MODE 


fm [ramen ww | | we | ws | wor 
Tm [Tow om erevoom ||| wf am | 
| 173 194 218 mV ms 5 
Fe [retro tene fs far] | © | 
ee, [owoumtocawe fe @ | |v | 


To; Tone Output (independent) |  =—11 dBm a 
MY ne 

Toe Oupuoc ae | 
[Tomo 
ig [Toe use Tne | 
9s [ows ones 
= 

= 


Tone Signaling Rate 
Pre-Signal Delay 
Inter-Signal Delay 


NOTES: 

1. O dBm equals 1 mW power into 600 ohms (775 mVolts). 5. Supply voltage = 2.5 Volts. These specifications are supply-dependent 
Important Note: The MK5371/MK5372 are designed to drive a 10k ohm load. 6. Time from beginning of tone output waveform to 90% of final magnitude 
The 600 ohm load is only for reference. of either frequency. Crystal parameters suggested for proper operation are 

2. Single tone (low group). R,<100 ©, L,=98 mH, C,,,=0.02 pF, C,=5 pF, f=3.579545 MHz, and 

3. Supply voltage = 2.5 to 6 Volts, Re=10k ohms. C, =18 pF. 

4, Re =10k ohms, V+ = 2.5 Volts 7. Time from Mute active to beginning of signaling. 
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TYPICAL APPLICATION 


The MK5371 Mostek Pulse Tone dialer provides both 
cost-effective telephone-line interface and the logic re- 
quired for DTMF (Tone) and Loop Disconnect (Pulse) 
signaling. 


Pulse dialing originated with the rotary dial telephone. 
The Mostek Pulse Tone dialer provides the same capa- 
bility as the rotary dial telephone and the convenience 
of pushbutton entry. The subscriber set (telephone) is 
powered by loop current supplied by the telephone 
company. Signalling, in Pulse Mode, is accomplished 
by repeatedly interrupting the loop current. The cen- 
tral office senses, times, and counts each line ‘‘break’’; 
the number of breaks corresponds to the digit dialed. 
The duration of the break period, the dialing rate, and 
the separation between consecutive digits (IDP time) 
are controlled by the Pulse Tone dialer IC. Loop dis- 
connect dialing is nearly a world-standard concept. 


DTMF signalling consists of modulating the telephone 
line with a signal comprised of two fundamental fre- 
quencies. Each frequency pair represents one of six- 
teen possible digit (or key) entries. Twelve of these 
frequency pairs are commonly used (0, 1, 2, ...., *, #. 
The Mostek Pulse Tone dialer provides DTMF signall- 
ing capability controlling signal duration, separation, 
level, and rate. 


The typical application circuit in Figure 12 illustrates 
one way the Pulse Tone dialer can be used. The pulse 
output provides the signal to break the line to transis- 
tor Q3. Q3 switches off, eliminating the base current 
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to Q4, which also switches off. The majority of the loop 
current is then eliminated, resullting in a break condi- 
tion. The IC dialer must be protected from large vol- 
tage fluctuations, such as that caused by interrupting 
the loop current. Transistor Q1 along with R2, C1, and 
Z1 regulate the voltage to the dialer. The Mute Output 
signal is active while signalling each digit to mute pop- 
ping noises at the receiver (earpiece or speaker). 


The DTMF tone output drives the base of Q8, which 
modulates the line. The tone level at tip and ring is de- 
termined by the effective impedance of the telephone 
line and the speech network. 


Mode of operation is controlled by switch S1 (which sets 
the default dialing mode) and the keypad. A change 
of dialing mode with a Mode (Softswitch) key input is 
stored in memory and will be repeated when the LND 
(last number dialed) feature is activated. 


Resistor R1 provides a small memory-retention bias 
current to prevent the device from powering down while 
on hook. The current required for long term memory 
retention is less than 1pA. . 


A ceramic sounder can also be interfaced to pin 11 
(BCD/PACIFIER TONE) of the device. A pacifier tone 
signal is activated for each key entry. This feature pro- 
vides an audible indication for each valid key entry. 
Keys may be entered faster than the maximum signall- 
ing rate allows. Audible feedback confirms proper key 
entry. 


+ 
DIODE 


Q4 
2N5401 


Q8 
2N5550 


=/ 


SPEECH NETWORK 


PIEZO 
SOUNDER " 
HOOKSWITCH 
- MK5371 a8 
b c2 
Q)\ eerie 2N6660 (mc) 
Qi = ahi -BCD/ 
2N3904 y PACIFIER TONE 
R13 
200K PS 


= COLS: 3, 4,5,9 a 
ROWS: 16, 15, 14,13 — 


KEYBOARD 


INPUTS VN2222 


Figure 12. MK5371 Typical Application 


TIP 
<n 
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3-39 


PACKAGE DESCRIPTION PACKAGE DESCRIPTION 
18-Pin DIP (N) (.300) 24-Pin DIP (N) (.600) 
Plastic Plastic 


7 .030 + .010 12 
9 1 


O 


oom 


10 18 : 
- 300 13 
. td 
870 MAX Nom 
.250 ——— 
i 7 


-130%.010 —_ 
.180+.010 
{ i .010 + 002 Tr! ir yf 
015 = . i i } 
MIN. | MIN. 
060 + 010 


| 
.018t, co ! _ 
+360 +.050 i —_ 
- .016 € ¢ | 
8 EQUAL i and a 1 EQUAL SPACES @ .100 ——___» 
@.1 


NOTE: Overall length includes .010 flash on either end of package 


NOTE: Overall length includes .010 flash on either end of package 
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THOMSON 


COMPONENTS 


SS SINGLE NUMBER PULSE TONE 
| Md? SWITCHABLE DIALER 


MO 
— PRELIMINARY COMMUNICATIONS PRODUCTS 


FEATURES 


L] Single chip DTMF and pulse dialer. 


V+ 1 PULSE OUTPUT 
1) Softswitch changes signaling mode from pulse to MODE 2 HKS 
tone. ms re: 
Ci 3 Ri 
L] Recall of last number dialed (up to 28 digits long). C2 4 R2 
C3. «#5 R3 
L] Flash key input initiates timed hook flash. ey 
V- 6 R4 
L] Timed PABX pause. OSCi1 7 MUTE 
a osc2 8 PACIFIER TONE 
(1) 8 Tones Per Second dialing in tone mode and 10 as 
C4 9 DTMF OUTPUT 


PPS in pulse mode. 


L] Continuous Tone. 


LI Pacifier tone. Figure 1. Pin Connection 


L] Powered from telephone line, low operating voltage 
for long loop applications. 


DESCRIPTION 


The MK53731 is a Mostek Silicon Gate CMOS IC that 
provides necessary signals for either DTMF or loop dis- 
connect (pulse) dialing. The MK53731 buffers up to 28 
digits into memory that can be later redialed with a sin- 
gle key input. This memory capacity is sufficient for lo- 
cal, long distance, overseas, and even computerized 
long-haul networks. Users can store all 12 signaling keys 
and access several unique functions with single key en- 
tries. These functions include: Last Number Dialed 
(LND), Softswitch, Flash, and Pause. Figure 2 shows 
the keypad configuration. 


ALND key input automatically redials the last number 
dialed. Keys entered during auto-dialing sequence will 
be ignored. However, auto-dialing is momentarily inter- 
rupted (during interdigital pause period or intersignal 
period) while manual keys are depressed. Figure 2. Keypad Configuration 


Two features simplify PABX dialing. The pause key 
stores a timed pause in the number sequence. Redial 
is then delayed until an outside line can be accessed The FLASH will not be redialed, but is stored as a short 
or some other activity occurs before normal signaling pause in the LND buffer. A subsequent keypad opera- 
resumes. The FLASH key simulates a 560 msec hook tion starts recording of a new number in the LND buffer. 
flash to transfer calls or to activate other special fea- Notice that two consecutive FLASH key entries will ef- 
tures provided by the PABX or a central office. fectively clear the LND buffer. 


3-41 


3-42 


f 


THOMSON 
\ COMPONENTS 
@  MOSTEK 
DATA SHEET 


FEATURES 
C1) CMOS Technology provides low-voltage operation 


(1) Converts push-button inputs to both DTMF and loop- 
disconnect signals 


CJ Stores ten 16-digit telephone numbers, including last 
number dialed 


(1) Pacifier tone and PBX pause 
O Last-number-dialed (LND) privacy 
(1) Manual and auto-dialed digits may be cascaded 


0 Ability to store and dial both wy and “# DTMF 
signals 


C] Variable dialing rate 
C1) On-chip power-up-clear guarantees data integrity 
DESCRIPTION 


The MK5375 is a monolithic, integrated circuit manufac- 
tured using Mostek’s proprietary Silicon Gate CMOS 
process. This circuit provides the necessary signals for 
either DTMF or loop disconnect dialing. It also allows 
for the storage of ten telephone numbers, including as 
many as 16 digits each, in on-chip memory. 


The MK5375 accepts rapid keypad inputs (up to 25 key 
entries per second) and buffers these inputs in the FIFO 
(First-In-First-Out) LND (Last-Number-Dialed) register. 
Each digit entry is accompanied by a pacifier tone, 
which is activated after the digit has been debounced, 
decoded, and properly stored. Signaling occurs at a rate 
determined by externally connected components, allow- 
ing the dialing rate to be adjusted for any system. 


The flexibility of the dialer makes possible a variety of 
applications, such as “‘scratchpad” number storage. In 
‘‘scratchpad” applications, the MK5375 inhibits signal- 
ing during entry, without interrupting a conversation. 


Privacy is also an important feature. The MK5975 al- 
lows the LND (Last-Number-Dialed) buffer to be cleared 
following a call, without affecting data stored in other 
permanent memory locations. The memory in the 


V+ PULSE OUTPUT 
MODE SELECT HKS 
COL 1 ROW 1 
COL 2 ROW 2 
COL 3 ROW 3 
v- ROW 4 
RATE CONTROL MUTE 
osci PACIFIER TONE/CHIP DISABLE 
osc2 DTMF OUTPUT 
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Figure 1. Pin Connections 


permanent locations may be easily protected from in- 
advertent key entries with the addition of a simple 
‘memory lock” switch to the application. 


All of these options plus additional features are dis- 
cussed in more detail in the following sections. The first 
section contains a brief detailed description of each pin 
function. The second section describes the device oper- 
ation. This is followed by the DC and AC Electrical 
Specifications, and a few application suggestions. 


FUNCTIONAL PIN DESCRIPTION 


V+ 
(Pin 1) 


Pin 1 is the positive supply for the circuit and must meet 
the maximum and minimum voltage requirements as 
stated in the electrical specifications. 


MODE SELECT 
(Pin 2) 


In normal operations, Pin 2 determines the signaling 
mode used; a logic level 1 (V+) selects Tone Mode oper- 
ation, while a logic level 0 (V—) selects Pulse Mode 
operation. This input must be tied to one of the sup- 
plies to guarantee proper dialing. 


ee ee ee ee ee ee 7 
l | 
| 
DEBOUNCE ADDRESS 
| 8 l 
| 
| KEY-IN DIAL OUT l 
| es COUNTER COUNTER | 
KEYBOARD £o 
INPUTS | i g DATA 38 l 
| ed oe w LATCH — < 
| | es a | . 
20 a 
| Joa © PULSE 
& PULSE/MUTE 
| | | 32 OUTPUT | 
mE < LOGIC 12 5 MUTE 
i ¥ Cy READ LATCH TIMING = 
CONTROL LOGIC AND V+ 
| (| PULSE COUNTER COUNTER 
2 | RC 
Monro l OSCILLATOR 
17 
HKS | oe 
ROW/COL _ 
| TEST MODE FREQUENCY ROW UP/DOWN | = 
| COUNTERS COUNTER V+ l 
! re] 
sass [|2> | 
e 
8 XTAL HIGH FREQ. the 10 | TONE 
= , osc CLOCK GEN. ~ OUTPUT 
> COL UP/DOWN | 
OSC 2 | COUNTER | 
| | 
| TONE LEVEL | 
| REF | 
Mi so: mel cect el oder “tne ems vengeance ae cas eee se es ee _ 


(Pins 3,4,5,13,14,15,16) 


The MK5375 keypad interface allows either the stan- 
dard 2-of-7 keyboard with negative common or the in- 
expensive single-contact (FORM-A) keyboard to be 
used (Figure 3). A valid key entry is defined by either 
a single Row being connected to a single Column or 
by V— being presented to both a single Row and 
Column. In standby mode either all the rows will be a 
logic 1 (V+) and all the columns will be a logic 0 (V-), 
or vice versa. 


The keyboard interface logic detects when an input is 
pulled low and enables the RC (Rate Control) oscilla- 
tor and keypad scan. Scanning consists of alternately 
Strobing the rows and columns high through on-chip 
pullups. After both valid row and column key closures 
have been detected, the debounce counter is enabled. 
Breaks in contact continuity (bouncing contacts, etc.) 
are ignored for a debounce period (T4,) of 32 ms. At 
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this time the keypad is sampled, and if both row and 
column information is valid, this information is buffered 
into the LND location. 


RATE CONTROL 
(Pin 7) 


The Rate Control input is a single-pin RC oscillator. An 
external resistor and capacitor determine the rate at 
which signaling occurs in both Tone and Pulse modes. 
An 8 kHz oscillation provides the nominal signaling 
rates of 10 PPS (Pulses per second) in Pulse Mode and 
5 TPS (Tones per second) in Tone Mode; the Tone duty 
cycle is 98 ms on, 102 ms off. The RC values on this 
input can be adjusted to a maximum oscillation frequen- 
cy of 16 kHz resulting in an effective Pulse rate of 20 
PPS and a Tone rate of 10 TPS. | 


The frequency of oscillation is approximated by the fol- 
lowing equation: 


Fosc = 1/(1.49RC). (1.0) 


The value suggested for the capacitor (C) should be a 
maximum of 410 pF to guarantee the accuracy of the 
oscillator. The resistor is then selected for the desired 
signaling rate. Nominal frequency (8 kHz) is achieved 
with component values of 390 pF and 220 kohms. Para- 
sitics must be taken into account. 


OSCIN, OSCOUT 
(Pins 8,9) 


Pins 8 and 9 are the input and output, respectively, of 
an on-chip inverter with sufficient loop gain to oscillate 
when used in conjunction with a low-cost television 
color-burst crystal. The nominal crystal frequency is 
3.579545 MHz, and any deviaton from this standard is 
directly reflected in the Tone Output frequencies. 


This oscillator is under direct control of the repertory 
dialer and is enabled only when a tone signal is to be 
transmitted. During all other times it remains off, and 
the input has high impedance. The input OSCIN may 
be driven by an external source. 


DTMF OUTPUT 
(Pin 10) 


The DTMF Output pin is connected internally to the 
emitter of an NPN transistor, which has its collector tied 
to V+, as shown on the functional block diagram (Figure 
2). The base of this transistor is the output of an on- 
chip operational amplifier that mixes the Row and 
Column Tones together. 


The level of the DTMF Output is the sum of a single 
row frequency and a single column frequency. A typi- 
cal single-tone sine wave is shown in Figure 4. This 
waveform is synthesized using a resistor tree with 
sinusoidally weighted taps. 


The tone level of the MK5375 is a function of the sup- 
ply voltage. The voltage to the device may be regulat- 
ed to achieve the desired tone level, which is related 
to the supply by either of the following equations: 


T(O) = 20 LOG [(0.078V+)/0.775] dBm. (2.0) 
T(O) = 0.078(V+) VRMS. (Row tones) (2.1) 


PACIFIER TONE OUTPUT / CHIP DISABLE 
(Pin 11) 


This pin normally has high impedance. Upon accep- 
tance of a valid key input, and after the 32 ms debounce 
time, a 500 Hz square-wave will be output on this pin. 
The square-wave terminates after a maximum of 30 ms 
or when the valid key is no longer present. The purpose 
of this pacifier tone is to provide to the user audible 
feedback that a valid key has been entered. This fea- 
ture is useful particularly for on-hook storage and pulse- 
mode signaling. 


3A. Calculator-Type Keypad 


R2 
R3 
R4 
C1 C2 c3 


3B. Standard Telephone-Type Keypad 


COMMON 


(CONNECT TO V- OR 
LEAVE FLOATING) 


C1 C3 —— -MECHANICAL 
LINKAGE 


Figure 3. Keypad Schematics 
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MARKER 700.0 Hz 
RANGE 399 ay 191 a¥ 


Figure 4A. Typical Sine Wave Output - Single Tone Figure 4C. Spectral Analysis of Waveform in Fig. 7 
bene Ra i (Vert-10 dB/div. Horizontal - 600 Hz/div.) 


Table 1. Output Frequency 


% 
DEVIATION 


766.2 —0. ied 
847.4 —0.54 


Figure 4B. Typical Dual-Tone Waveform (Row 1, Col 1) 
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The pacifier tone is not enabled when manually dial- 
ing in tone mode. This eliminates any confusion be- 
tween the audible DTMF feedback and the pacifier tone, 
and prevents distortion of the DTMF signal by any of 
the pacifier tone frequency components. In both cases, 
the tone confirms that the key has been properly en- 
tered and accepted; whereas, without the tone, the user 
will not know if the keys have been properly entered. 


IMPORTANT: This pin also serves as a chip-disable pin. 
Pulling this input high through a resistor will disable the 
keypad (high impedance) and initialize all counters and 
flip-flops (memory remains undisturbed). Pulling the in- 
put low through the same resistor enables the circuit. 
For the device to function properly, the resistor to V— 
(Pin 6) is required. 


This feature is useful in several applications, as des- 
cribed in the application notes section. 


MUTE OUTPUT 
(Pin 12) 


This pin is the Mute output for both Tone and Pulse 
modes of operation. The timing is dependent upon 
which mode is being used. The output consists of an 
open-drain, N-channel device. During standby, the out- 
put has high impedance and generally requires an ex- 
ternal pullup resistor to the positive supply. 


In Tone Mode, the Mute output is used to remove the 
transmitter and the receiver from the network during 
DTMF signaling. The output will mute continuously 
while auto-dialing and during manual DTMF signaling 
until each digit entered has been signaled. 


In Pulse Mode of operation, the Mute output is used 
to remove the receiver or even the entire network from 
the line. These timing relationships are shown in Figure 
5. 


HKS INPUT 
(Pin 17) 


This pin is a high-impedance input and must be 
switched high for on-hook operation or low for off-hook 
operation. A transition on this input will cause the on- 
chip logic to initialize, terminating any operation in 
progress at the time. Signaling is inhibited while on- 
hook, but key inputs will be accepted and stored in the 
LND register. The information stored in the LND register 
may be copied into an alternate location only while on- 
hook. A logic level may be presented to this input, in- 
dependent of the position of the hook-switch, allowing 
on-hook operations, such as storage, to be performed 
off-hook. 


PULSE 
(Pin 18) 


This is an output driven by an open-drain, N-channel 


device. In Pulse Mode operation, the timing at this 
output meets Bell Telephone and EIA specifications for 
loop-disconnect signaling. The Make/Brake ratio is set 
to 40/60 on the standard MK5375. The pulse rate is de- 
termined by the RC values selected for the Rate Con- 
trol, Pin 7. Note: The standard make/break ratio may 
not be suitable if the Pulse dialing rate is accelerated. 


DEVICE OPERATION 


The MK5375 can be used in low-priced phones with 
basic 3x4 matrix keypads. The block diagram in Figure 
2 shows the data and control signal flow between the 
various functional blocks. The keypad entries are 
decoded, debounced, and if valid, they are stored into 
the LND (Last-Number-Dialed) buffer, which acts much 


_ like a FIFO (First-In-First-Out) register. Each subsequent 
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entry is stacked in the buffer. Typically, the dialing se- 
quence begins 172 ms after the first digit is accepted 
in Pulse Mode operation and 132 ms in Tone Mode 
operation. Each digit buffered into the RAM is dialed 
out with a 98 ms burst of DTMF and an inter-signal time 
of 102 ms. 


Buffering the data into the RAM prior to signaling is an 
important feature of the repertory dialer. It allows for the 
use of less expensive keypads, since the user cannot 
enter the digits too quickly for the system, and the paci- 
fier tone can be used to provide audible feedback fol- 
lowing each key entry not generating a DTMF signal. 
It also guarantees that the data stored in the RAM 
matches exactly the digits actually dialed. 


Manual dialing and auto-dialing can be executed in any 
order, consecutively or cascaded. The dialer must com- 
plete auto-dialing the previous entry before another key 
is entered. Digits should not be entered while the device 
is auto-dialing. Most digits would be ignored unless 
preceded by a control key; in which case, an error in 
dialing may occur. 


Figure 6. Keypad Configuration 


MANUAL DIALING 


DIAL DIAL 5 ¢ aa 
KEYPAD INPUT . 1 


ROW SCAN + 250 Hz ———_> al Inn 


(ot 
aan aerate 


PACIFIER TONE l | Ml: | il | f | 
PULSE OUTPUT | | | 


| SIGNALING 
MUTE OUTPUT | SIGNALING 2 i | [* | 3 


‘pr es ‘mo . tg 
tppp tipp tgoB 


COLUMN SCAN =a 250 Hz ———__> 


Figure 5A. MK5375 Timing Diagram — Pulse Mode Off-Hook Operation 


MANUAL DIALING AUTO — REDIAL 


DIAL DIAL DIAL DIAL 
KEYPAD INPUT | 2 | | 1 | tf | 6 | | 0 | 
ROW SCAN LANL 2s Seer TAAL 
cou Scan arson] 
PACIFIER TONE | fl ] fl 


TONE OUTPUT parr penn | f iacsbaataa| pu 
TONE TONE TONE TONE 
MUTE OUTPUT 2 1 | y | 2 | | 1 | 


HOOKSWITCH | | | 
IN 


Coals 


CRYSTAL OSC 


Figure 5B. MK5375 Timing Diagram — Tone Mode 
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NORMAL DIALING 


Py Le] Ld be) be 


The ‘‘*’’ (STAR) key is used as the modifier to control 
repertory functions. All numeric keys will signal normally 
unless preceded by a modifier. To signal either a“ *”’ 
or ‘‘#’’, these keys must be entered twice in succes- 
sion. The first entry is not signaled or stored. 


LND PRIVACY 


=] &) El ome 


A single ‘‘*”’ input prior to going on-hook or prior to 
coming off-hook will erase the information stored in the 
LND buffer. 


AUTO DIALING (Off-Hook) 


a hae 


The key sequence ‘‘*”’, followed by any digit, will auto- 
dial the number sequence stored in the designated ad- 
dress location while off-hook. 


STORAGE (On-Hook) 


fa SE 
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D is any data (telephone numbers) being entered or di- 
aled. N is the address (memory location) in which num- 
bers are stored. The number sequence stored in the 
LND buffer can be transferred to one of the other nine 
permanent locations with the simple sequence *“ * ” fol- 
lowed by the address. New digits may be written into 
the LND buffer while on-hook. To enter either a ‘'*”’ 
or ‘‘#’”’ signal the digit must be entered twice in suc- 
cession. 


PABX PAUSE (Off-Hook and On-Hook) 


Py fe] Le] Ly 


An indefinite pause is stored in a number sequence by 
entering the ‘‘*”’ key modifier, followed by a ‘‘#’’ key 
input. When the number sequence is redialed, the di- 
aler will pause when it encounters the ‘‘#’”’ entry. A key 
input will cause it to continue. 


PULSE DIALING 


Most of the Pulse key operations are the same as they 
were in Tone Mode; PABX Pause is the only exception. 
In Pulse Mode, the pause may be stored as in tone 
mode, ‘‘* #’, or with a single ‘‘#”’ input. Two “#’ in- 
puts will store two pauses. 


The ‘‘*”’ key exercises the control function; two “*”” 
inputs will be the same as a single input (multiple in- 
puts are not accepted.) 


ABSOLUTE MAXIMUM RATINGS* 


DC SUDO VONAGE VPs se esc oee aloes wee edebednencehcadenhonsguense idan eee bo eie et ewen 6.5 Volts 
Operating TEMPOS 5605.56 50944 egeone Sadeons LaeeeeaeeteGhseederss ences ohm: —30°C to +60°C 
Siordge Temperate. a2k ox64 cig are hoe toed ohhe dee ean pote Se been sacns ih oeee needa —55°C to +85°C 
Maximum: Power Dissipation (25°C) on < occ css 465s eee cass see SHO eee ea ERE Dee ETEK ES Ow EE ES 500 mW 
Maximum Voltage On any Pits é<i2ccs¢c4se0e os oeGoR ender esas serw enn vans (V+) + 0.3; (V—) — 0.3 Volts 


*Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 
POWER DISSIPATION DERATING CURVE 


60 
Ta 40 
(°C) 20 
DERATE AT 9 mw/°C 
0 WHEN SOLDERED INTO 


0 100 200 300 400 £500 PC BOARD. 


ELECTRICAL SPECIFICATIONS . 
DC CHARACTERISTICS 
-30°C < Ty, < 60°C 


sym] CHARACTERISTIC. [MIN 
[vi | BC Operating Vonage ——«d~Cias 
Vise | Standby Curent SSS 
Ve | Memory Retention Votage | 18 
Te | Memory Retention Current | 780 
ir | Operating Curent one) | 
re —— 
IPL 
Kao 


v | 
A | 1 
a 
ma |e 
es 

pA 
[Pacer Tone Siv/Seuce | 250 
Keypad Pulp Resistance | 
[Keypad Puliown Resistance | 


m 


me ae 
a a 

a + 

; es 
a a 
me a 


NOTES: 
(All specifications are for 2.5 volt operation, unless otherwise stated. Typical 3. All outputs unloaded, single key input 
values are representative values at room temperature and are not tested 4. Voyr=0.5 Volts 
or guaranteed parameters.) 5. Sink current for Voy7=0.5; source current for Voyz=2.0 VOLTS 


1. All inputs unloaded, Quiescent Mode (Oscillator off) 
2. Meeting these minimum supply requirements will guarantee the renten- 
tion of data stored in memory. 


AC CHARACTERISTICS -- KEYPAD INPUTS, PACIFIER TONE 


sym | characrenisric | MIN | TYP | MAX | UNIT | NOTES 
Teo | Kerpad Dsbounce Tine | i se | +f msec ft 
Fas | Keypad Sean Feauency || 50] Side 
Tar | Wo Key RotoverTime |_| _« |_| msec [1 
Fer | FrequonoyPaciter ore |_| #0 | | ve [1 
Ter | Pacertne | | |e 
[Fac | Freeney RG Osctaor | 70 | x28 | wo | % | 2 


NOTES: volts), temperature (—30° to +60°C), and unit-to-unit variations. The 
1. Times based upon 8 kHz RC input for Rate Control tolerance of the external RC components or parasitic capacitance is not 
2. Deviation of oscillator frequency takes into account all voltage (2.5 to 6.0 included. 
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AC CHARACTERISTICS -- TONE MODE 


NOTES: 
1. Load=10 kQ 2. These values are directly related to the RC input to Pin 7, nominally 8 kHz. 


AC CHARACTERISTICS -- PULSE MODE OPERATION 


a 
por | PredgtalPawse i] || me 
rior | teragtal Paves TSS Te 
"Tyo | Mute vera Tine | | em 


NOTES: 
1. Typical times assume nominal RC input frequency of 8 kHz. An increase increase in rate values. 
in frequency results in an equal decrease in time values and an equal 


APPLICATION CIRCUIT DTMF signaling requires that the loop current be modu- 

lated, producing an analog signal on the telephone line. 
The MK5375 integrated circuit provides the ability to Transistor Q1 modulates the loop current by amplifying 
convert keypad inputs into either DIMF or loop- the DTMF signal coupled to its base from the Tone Out- 
disconnect signals compatible with most telephone sys- put. The Mute output removes the receiver and trans- 
tems. Both modes of signaling utilize loop currents to mitter by switching transistors Q2 and Q3. This 


transmit the desired signaling information to the cen- eliminates any interference with the DTMF signal from 
tral office. ' the transmitter and cuts down on the amplitude of the 
DTMF tone heard at the receiver. The timing diagram 
The circuit schematic in Figure 7 illustrates a typical in Figure 5B illustrates the time relationship between 
implementation of the MK5375 dialer IC along with the key entries, Tone Output, and -Mute- Output. 
necessary components required to interface with the 
telephone line in a tone/pulse application. The voltage regulator circuit comprising resistor R2, 
zener diode Z2, and transistor Q6 serves several pur- 
In loop-disconnect signaling, each digit dialed consists poses. In tone mode operation, it provides the regulat- 
of a series of momentary interruptions of loop current ed supply voltage to the MK5375 which determines the 
called “breaks” (i.e., a digit “1” consists of a single DTMF signal amplitude at the Tone Output. Varying the 
break, a digit “2” consists of two breaks, and so on. supply voltage will vary the DTMF output signal. In pulse 
The Pulse output is dedicated to loop-disconnect sig- mode, it helps provide some isolation from the tran- 
naling and controls the flow of loop current through the sients caused by switching the speech network in and 


speech network switching transistors, Q4 and Q5. The out. 
Mute output, through transistors Q2 and Q3, removes 


the receiver and transmitter to eliminate loud pops in During normal off-hook dialing, the MK5375 operates 
the receiver caused by switching current through the using current from the telephone line. On-hook num- 
network. The Pulse and Mute output signals, as shown ber storage and memory retention current are supplied 
in Figure 5A, consist of make, break, and interdigital by the battery shown in Figure 7. Transistor Q6 prevents 
time intervals. . -the flow of battery current to the speech network. 
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The rate at which dialing occurs is determined by the 
values chosen for resistor Ri and capacitor C1. These 
values can be predetermined using equation (1.0) 
described above. The 3.5795 MHz crystal is used as a 
reference for synthesizing the DTMF signals and is 
activated only for the short periods during which these 
tones are being generated. 


The application circuit schematic in Figure 8 gives an 
example of the various features which can be utilized 
with the addition of several switches. The example also 
shows that multiple devices may be used to increase 
the effective storage capability of the telephone design. 


Much of the circuitry used to modulate and pulse the 
line, mute the speech network, and regulate the sup- 
ply voltage is unchanged from the basic tone/pulse 
switchable telephone described above. 


3.1 VOLT 
21 


V+ 


HOOKSWITCH 
$2 


OFF Res 


MODE SELECT TONE 
ON V+ 


O 
$3 
PULSE 


= 3.5795 MHZ 
crystal C— 


R4 PAC TONE 
TO RCVR OR PIEZOELECTRIC SOUNDER 


The two devices in Figure 8 are hooked up in parallel 
with one another except for their oscillator pins and the 
Chip Disable inputs. A DPDT switch is used to select 
between the two dialers through the Chip Disable pin; 
one device is activated while the other is put on standby. 


Some applications may include a memory lock switch 
to prevent any of the data stored to be changed 
inadvertently. This memory lock switch can take the 
form of a locking key switch, which would allow only 
the person with the key to alter data stored in memory. 


A scratchpad feature may be implemented to allow off- 
hook programming of the memory while inhibiting di- 
aling. A switch is added in series with the telephone 
hook-switch to allow the dialer to be forced into its on- 
hook key entry mode while the telephone set is off-hook. 


TYPICAL 2500 TYPE 
SPEECH NETWORK 


GN R 


R1 2N5550 | C1 390 PF 
R2 . 2N6660 | C2 68,F 
2N6660 
R4 2N5550 | BATTERY 3 VOLT CELL 
R5 2N5401 BRIDGE 
R6 2N5550 
R7 1N914 


R8 10K920 


Figure 7. MK5375 Circuit Schematic 
eee 
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Hookswitch 
“On Hook” 
TIP 
$1 
+ — 
Diode Bridge 
Qi = rom 
2N5550 XH 
RING 


Speech Network 


KEYBOARD 
MODE -MUTE- GND 


we] | kes] 


| 


2N2222 


Parts List 


Scratchpad 


Memory Select Memory 


390pf 
100uF 
tuF 
1uF 
Sane —— 4N4001 
$2 1N4001 


2N5550 


— 2N5550 
i = 
Hookswitch 2N5550 


2N5401 
-1N4621 2N2222 
2N6666 


Figure 8. MK5375 Application Circuit Schematic 
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PACKAGE DESCRIPTION 


18-Pin DIP (N) (.300) 
Plastic 


: 4 030 + .010 
9 1 
7 


ew 
10 18 
870 MAX. ea 


NOM. 


L sad 


.120 010 + .002 
MIN. 
MIN. | 
.018+.003 
Badal .350 + .050 
¢ ¢ 


+ .010 
060 + 910 
| 8 EQUAL SPACES 

@ .100 . 


NOTE: Overall length includes .010 flash on either end of package 
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Z \ reuson 
COMPONENTS 
@ MOSTEK 


COMMUNICATIONS 
PRODUCTS 


DATA SHEET 


10-NUMBER AEE ee TONE/ 


SE DIALER 
MK5376 


FEATURES 


[1 Converts push-button inputs to both DTMF and pulse 
signals 


C1 Stores ten 16-digit telephone numbers including last 
number dialed 


1 Pacifier tone and PBX pause 
CJ Last number dialed (LND) privacy 


C1] Manual and auto-dialed digits may be cascaded 


C1 Ability to store and dial both * and # DTMF signals 


DESCRIPTION 


The MK5376 (see Figure 1) is a monolithic, integrated 
circuit manufactured using Mostek’s Silicon Gate 
CMOS process. This circuit provides the necessary sig- 
nals for either DTMF or loop disconnect dialing. Ten 
telephone numbers of up to 16 digits each may be 
stored in the on-chip RAM. Manual and auto-dialed 
numbers may be cascaded in any order. 


Additional functions available are a Pacifier Tone out- 
put, PABX pause, external control of the signaling rate, 
and total functional control with either a standard 3x4 
matrix keypad (FORM-A) or a 2-of-7 keyboard. A 13th 
key option allows control of the dialer’s repertory fea- 
tures. The telephone keypad then functions for signal- 
ing purposes only, independent of the repertory 
functions. The 13th key mode and the M-B (Make/Break) 
Ratio is user selectable. 


The dialer’s flexibility provides for many applications, 
for example, off-hook programming, the use of addition- 
al chips in parallel for 10, 20, and 30 number repertory 
phones, permanent memory protection and the option 
of a supply-independent or supply-dependent tone 
level. | 


PULSE OUTPUT 
13KEY 


V+ 

MODE SELECT 
COL1 

COL2 


N.C. ROW2 
COL3 ROW3 
MK5376 
V- ROW4 
N.C. N.C 


RATE CONTROL 
Osc 

OSC2 

TONE LEVEL SELECT 


PACIFIER TONE/CHIP 
DISABLE 

DTMF OUTPUT 

M-B SELECT 


Figure 1. Pin Connection 


FUNCTIONAL PIN DESCRIPTION 


V+ | | 

Pin 1. Pin 1 is the positive supply for the circuit and must 
meet the voltage requirements defined in the Electri- 
cal Specifications. 


MODE SELECT ; 

Input. Pin 2. In normal operation, Pin 2 determines the 
Signaling Mode; a logic level 1 (V+) selects Tone Mode, 
while a logic level 0 (V—) selects Pulse Mode opera- 
tion. To guarantee proper dialing, this input must be tied 
to one of the supplies. 


el ~~ eeeoeee  ee 


Keyboard Input. Pins 3, 4, 6, 18, 19, 20, 21. The MK5376 
keypad interface allows users to add either the stan- 
dard 2-of-7 keyboard with negative common or the in- 
expensive single-contact (Form-A) keyboard (see Figure 
2). A valid key entry is either a single Row connected 
to a single Column or V— presented to both a single 
Row and Column. In Standby Mode, either all the Rows 
pull to a logic 1 (V+) and all the Columns are a logic 
0 or vice versa. 
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R1 


R2 

R3 

R4 
C1 c2 c3 


Figure 2A. Keyboard Schematics-Calculator-Type Keypad 


COMMON 


(CONNECT TO V- OR 
LEAVE FLOATING) 


C1 C3 ~~ —MECHANICAL 
LINKAGE 


Figure 2B. Keyboard Schematics-Standard Telephone-Type 
Keypad 


——- Ss 


The keyboard interface logic detects an input being pull- 
ed low and enables the RC (RATE CONTROL) oscillator 
and keypad scan. Scanning consists of Rows and Col- 
umns alternately strobing high through on-chip pullups. 
After both a valid Row and Column key closure have 
been detected, the debounce counter is enabled. 
Breaks in contact continuity (bouncing contacts, etc.) 
are ignored for a debounce period (Tdb) of 32 ms. At 
this time, the keypad is sampled. If both Row and Col- 
umn information is valid, this information is buffered into 
the LND. 


V-— 

Input. Pin 7. This pin is the negative supply input to the 
device. This is the voltage reference for all 
specifications. 


RATE CONTROL 

Input. Pin 9. RATE CONTROL is a single-pin RC oscil- 
lator. An external resistor and capacitor determine sig- 
naling rates in both Tone and Pulse Modes. An 8 kHz 
oscillation provides nominal signaling rates of 10 PPS 
(pulses per second) in Pulse Mode and 5 TPS (tones 
per second) in Tone Mode; the tone duty cycle is 98 


ms on, 102 ms off. RC values on this input can be ad- 
justed to a maximum oscillation frequency of 16 kHz, 
resulting in an effective Pulse rate of 20 PPS and Tone 
rate of 10 TPS. 


The following equation approximates the oscillation fre- 
quency: 


Fosc = 1/(1.49RC) 


The capacitor’s (C) suggested value should be a maxi- 
mum of 410 pF to guarantee accuracy of the oscillator. 
The resistor (R) is then selected for the desired signal- 
ing rate. The nominal frequency of 8 kHz is achieved 
with component values of 390 pF and 220K ohms. 


OSC1, OSC2 

Input/Output. Pins 10, 11. Pins 10 and 11 are the input 
and output, respectively, of an on-chip inverter. They 
have sufficient loop gain to oscillate when used with a 
low-cost television color-burst crystal. The nominal 
crystal frequency is 3.579545 MHz and any deviation 
is directly reflected in the Tone Output frequencies. 


The repertory dialer directly controls the oscillator and 
is only enabled for tone signal transmission. It remains 
off at all other times and the input is high impedance. 
An external source may also drive the input. 


TONE LEVEL SELECT 

Input. Pin 12. The MK5376 has selectable tone levels 
with supply-independent or supply-dependent specifica- 
tions. The tone levels available are similar to those pro- 
vided on Mostek’s industry standard MK5380 and 
MKS5089 DTMF generators (see Table 1). The optimum 
tone scheme is application-dependent. 


Table 1. Tone Level Select 


Tone Level Select Input} Tone Reference Compatible With 


V— (Method 1) 
V+ (Method 2) 


MK5089 
MK5380 


Supply 
On-Chip Reference 


Method 1 operates from a regulated supply. The tone 
level is related to this supply by either of the following 
equations: 


To = 20 LOG [0.0776 (V+)/0.775] dBm 
To = 0.0776 (V+) Vrms 


Method 2 provides a constant tone Output and 
modulates its own supply in a minimum parts count con- 
figuration. The tone level, when used in a subscriber 
Set, is a function of the output resistor R- and the 
telephone AC resistance R,. The low-group single tone 
output amplitude is a function of Re and R, described 
by the equation: 
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Vo = {1/0.2+ReV/R}}To 


where Vo is the tone amplitude at the phone line and 
Tg is the tone level at the DTIMF OUTPUT pin. This ver- 
sion may also be operated on a regulated supply, but 
users must observe additional caution to prevent signal 
distortion (clipping) on longer loops. 


M/B SELECT 

Input. Pin 13. In Pulse Mode, this pin selects the 
Make/Break ratio, or the percentage Break time per 
Pulse period (see Table 2). 


Table 2. Make/Break Ratio 
-B SELECT INPUT) BREAK TIME | MAKE TIME 
| V+ 68 32 
V- 60 40 


DTMF OUTPUT 
Output. Pin 14. The DIMF OUTPUT pin is connected 


internally to an NPN transistor’s emitter with a collec- - 


tor tied to V+. The transistor base is the output of an 
on-chip operational amplifier that mixes the Row and 
Column Tones together. 


The DTMF OUTPUT level is the sum of a single Row 


single tone sine wave is shown in Figure 3. This 
waveform is synthesized using a resistor tree with 
sinusoidally weighted taps. DTMF output frequencies 
are defined by Table 3. | | 


abou: Lh sess 2 
ave Output - Si 


Figure 3. 


ngle Tone 


ypical Sine 


Table 3. Output Frequency 


PACIFIER TONE OUTPUT/CHIP DISABLE | 

Input/Output. Pin 15. A 500 Hz square wave is output 
on this pin after acceptance of a valid key input and after 
the 32 ms debounce time. The square wave terminates 
after a maximum of 30 ms or when the valid key is no 
longer present. The PACIFIER TONE audibly signals 
a valid key entry. This feature is particularly useful for 
on-hook storage and Pulse Mode signaling. The 
PACIFIER TONE is not enabled when users manually 
dial in Tone Mode. This eliminates any confusion bet- 
ween the audible DIMF feedback and the PACIFIER 
TONE. In both cases, the tone confirms that the key has 
been properly entered and accepted. Without the tone, 


KEY INPUT ~ STANDARD FREQUENCY 
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ACTUAL FREQUENCY % DEVIATION 


users do not know if the keys have been properly entered. 


This pin is normally high impedance until a key is. 
entered. It also serves as a CHIP DISABLE pin. Pull- 
ing this input high through a resistor disables the 
keypad (high impedance) and initializes all counters and 
flip flops (memory remains undisturbed). Pulling the in- 
put low through the same resistor enables the circuit. 


This feature is useful in several applications. It provides 
a convenient way to lock memory by connecting this 
input through a resistor to HKS. When it is on-hook, the 
device is then disabled and key inputs are not recogniz- 


ed. The circuit will function normally off-hook. Informa- 
tion can only be entered into the permanent memory 
locations by switching to Program Mode. This requires 
that a switch and resistor be added to connect to V-. 


MUTE 

Output. Pin 16. This pin is the mute output for both Tone 
and Pulse Modes. Timing depends on which mode is 
used. 


The output consists of an open drain N-channel device 
and zener input protection. During standby, the output 
is high impedance and generally requires an external 


MANUAL DIALING 


DIAL DIAL 


pullup resistor to the positive supply. 


In Tone Mode, MUTE removes the transmitter and 
receiver from the network during DTMF signaling. The 
output then mutes continuously while auto-dialing and 
during manual DTMF signaling. 


In Pulse Mode, the MUTE removes the receiver or even 
the entire network from the line. Timing is available both 
as a continuous mute (provided by the MK5376) or a 
mute that is active only when actually pulsing the line. 
Figure 4 depicts these timing relationships. 


KEYPAD INPUT 2 , 
ROW SCAN UU ae , fl LULL 


COLUMN SCAN 


PULSE OUTPUT 


‘pr 
‘pop 


<—_——— 250 Hz ——_—_—> 


ee ee 


585 


areas | 
MUTE ouTPUT nner fo ee | Li 


A , 


———— 
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Figure 4A. MK5376 Timing Diagram — Pulse Mode Off-Hook Operation 


MANUAL DIALING 


DIAL DIAL 


AUTO — REDIAL 


DIAL DIAL 


ROW SCAN NTA 


COLUMN SCAN 


PACIFIER TONE | 


TONE OUTPUT | 


TONE 
MUTE OUTPUT 2 1 | 


HOOKSWITCH | | | 


3 
SREEC 


Figure 4B. MK5376 Timing Diagram — Tone Mode 
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HKS 

Input. Pin 22. This pin is a high impedance input and 
must be switched high for on-hook operation or low for 
off-hook operation. A transition on this input initializes 
the on-chip logic. This stops the current operation. A 
logic level independent of the hookswitch position may 
be presented to this input, which allows on-hook opera- 
tions, such as storage, to bé performed off-hook. 


13KEY 

Input. Pin 23, This pin is a high impedance input. When 
it is tied permanently low, it indicates 12KEY Mode. If 
users desire 13KEY operation, a switch to the negative 
supply is attached to this pin, along with an external 
pullup. This forces the repertory dialer into 13KEY 
Mode. The dialer switches to 12KEY mode if users 
depress the 13th key switch while simultaneously enter- 
ing information through the keypad. The differences bet- 
ween these modes are presented in the Device 
Operation section. 


PULSE OUTPUT 

Output. Pin 24. An open drain N-channel device drives 
this pin. In Pulse Mode, the timing meets Bell Telephone 
and EIA specifications for loop disconnect signaling. 
The Make/Break ratio is user-selectable. RATE CON- 
TROL regulates the dialing rate. 


DEVICE OPERATION 


The MK5376 interfaces to two keypad configurations - 
the 12KEY and 13KEY Modes (see Figures 5 and 6). 
This flexibility simplifies interfacing to existing keypads 
and products. The MK5376 can be used in inexpensive 
telephones with basic 3x4 matrix keypads to give them 
repertory dialer features. In 13KEY Mode, the MK5376 
allows the keypad to be used for standard signaling and 
the special repertory functions are only activated by us- 
ing the “control” (13th) key. 


In both modes, keypad entries are decoded, debounc- 
ed, and (if valid) stored in the LND (Last Number Dial- 
ed) buffer that acts much like a FIFO (First-In-First-Out) 
register. Each subsequent entry is stacked in the buf- 
fer. The dialing sequence begins 100 ms after the first 
digit is accepted. Each digit buffered into the RAM is 
dialed out with a 98 ms burst of DTMF and a 102 ms 
intersignal time. 


Buffering data into the RAM before signaling is an im- 
portant feature. This allows less expensive keypads to 
be used since users cannot enter digits too quickly for 
the system and the PACIFIER TONE can provide audi- 
ble feedback after each non-toned key entry. It also 
guarantees that data stored in the RAM exactly matches 
the digits actually dialed. 


Users can perform consecutive manual and auto- 


dialing, if auto-dialing is used to accomplish only a part 
of the desired number sequence. However, manual and 
auto-dialing cannot be performed simultaneously. 


Figure 5. Keypad Configuration 12KEY Mode (Tone Mode) 


ey Lyd Le 


In 12KEY Mode, the “*” (Star) key is the modifier used 


to control repertory functions. All numeric keys signal 
normally unless a modifier precedes them. To signal 
either a ‘‘*” or ‘“#,’ users must enter these keys twice 
in succession. The first entry is not signaled or stored. 


LND PRIVACY 


of fo je + loony 


A“ *” input prior to going on-hook erases information 
in the LND buffer. 


AUTO-DIALING (Off-Hook) 


Bie oo 


opt opt 


The key sequence “ *” followed by any digit auto-dials 
the number sequence stored in the designated address 
location. Note auto-dial can take place following manual 
key inputs. 


STORAGE (On-Hook) 


et LeHe Ly Le 


opt opt opt 


The number sequence stored in the LND buffer can be 
transferred to one of the nine other “permanent” loca- 
tions with the simple sequence “ *”’ followed by the ad- 
dress. New digits may be written into the LND buffer 
while on-hook. To enter a “*” signal, users enter the 
“x” key twice in succession as when dialed off-hook. 


PABX PAUSE (Off-Hook and On-Hook) 


ett tL TL A Le 


When users input “*” key followed by a ‘“#’, an in- 
definite pause is stored in a number sequence. Upon 
redialing the number sequence, the dialer will pause 
when it encounters ‘‘#.’ A key input makes it continue. 


KEYPAD CONFIGURATION 12KEY MODE (PULSE MODE) 


Most of the Pulse key operations are identical to those 
in the 12KEY Tone Mode; PABX Pause is the only ex- 
ception. In Pulse Mode, the pause is stored with a sin- 
gle “#’ input. Two “#’ inputs store two pauses. 


The ‘‘*” key exercises the control function; two “*” 
inputs are the same as a single input (multiple inputs 
are not accepted). 


Figure 6. Keypad Sequence 13KEY Configuration 
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NORMAL DIALING AND LND PRIVACY OPTION 


(Off-Hook) 
Pe} fey fey Le 


Normal dialing is straightforward; all keypad entries are 
stored in the LND (Last Number Dialed) buffer and 
signaled as each is entered. All digits in the LND 
register are maintained unless the final key prior to go- 
ing on-hook is ‘‘C.” In the metal mask version, the LND 
buffer is cleared unless users make a Control entry 
before going on-hook. 


AUTO-DIALING (Off-Hook) 


To auto-dial, users enter the control key “C,’ followed 
by the address key, (shown here as ‘‘N,’ representing 
memory location N). As soon as the address key is 
decoded and debounced, auto-dialing begins. Address 
zero is used to auto-dial LND. 


ADDRESS 


STORAGE (On-Hook) 


tLe eed Ley Le 


To store data in a given location (LOC N) users simply 
enter digits into the LND buffer and copy them to “N” 
by entering a control key ‘‘C’’ followed by the desired 
address. Users can copy the last number dialed before 
going on-hook to another location if they make no en- 
tries before the copy operation. 


PABX PAUSE 


eytedte tele l= 


Users may inject a pause at any point in the dialed se- 
quences by keying in “C”’ followed by ‘‘#.’ When this 
number sequence is redialed, the dialer pauses in- 
definitely and continues to dial when another key input 
is received. 


ABSOLUTE MAXIMUM RATINGS* 


DC. SUPPIY VONAGE: 2-2 aa auinue ciple whee acne eG58G abrcwindhde eens oa ok de bee ned ous Vahiniches 6.5 Volts 
Operating Temperature .......... 0... ccc ccc ccc cece ccc n ence nent eeenvennnns —30°C to +60°C 
Storage Temperature ........... 0.0... ccc ccc ce cece cece enn eennnes hake ape ae —55°C to +85°C 
Maximum Power Dissipation (25°C) .......... 0.0 ccc cece cece ccc cence enn ene enneneenanns 500 mW 
Maximum Voltage on any Pin............ 0... ccc cece ce eee eee neae (V+) +03 Volts; (V—) —0.3 Volts 


‘All specifications are for 2.5 volt operation and full operating temperature range unless otherwise stated. 
ELECTRICAL SPECIFICATIONS 


DC CHARACTERISTICS 
—30°C < TA<60°C 


Com [—amaneren mw [vr | wa | wr | nes 
vs [accreted | wo 
mn lomayore SS=«dCit we Pw fw 
in_|tnen eins ids | |v 
un | soa eerie S| mw aw | | mm | 8 
ik loomina cron |i os | fm | 
ir looming owen dit [we lw | 
|e ourasricwen sd wo fe || mm | 8 
[m_| Pm pe srxcuren wo fw |p mm | 
[he | etn te etiwee i we fw | we 
tay _[tomniriboreiwe S| | | 
to _|topwiracom resend itm | fo | 


NOTES: 

1. All inputs unloaded, Quiescent Mode (oscillator off) 

2. All inputs unloaded, single key input 

3. VouT = 0.5 Volts 

4. Sink Current for Vout = 05, Source Current for Voyt = 2.0 Volts 

5. Meeting these minimum supply requirements guarantees the retention of 


data stored in memory. 
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CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE 


rom | parawerens ‘(ww | ve | wax [ur | vores 
Tio [emeaoecoe tm | | fm | 
Fa [tenet sanreawry | fw | 
tm [Retoyroiww tne Tt | 
fe [reese pw 
Tr eat Sm | 
Faz [Fonwne fC oot Sd mo [ves [om fw |e 


NOTES: 

1. Times based upon 8 kHz RC input for RATE CONTROL 

2. Deviation of oscillator frequency takes into account all voltage, temperature 
and unit-to-unit variations, but does not include the tolerance of external com- 
ponents. 


CHARACTERISTICS — TONE MODE 


a eee PARAMETERS mn | rp | wax | units | NoTEs 
Tix [tone ouput nekey Down || mao | tm | 


—13 dBm | 
a te MinGae (dependent) 173 mvV(rms) 
a resent Band | of a7 | | ge fl 
ie | Average DG Bias Tone Out (V+ = 25) DC Bias Tone Out (V+ = 2.5 V) a 


.—12 dBm 
—— Output eect 194 mvV(rms) 


PE, | Pre€mphasis, High Band High Band a 
1 VV ss oe 
= ee i a 
[Fe [Tore Ouputtoee = | Tf | | 
a [tesominerie | | 8 | | tame | 8 
[psp _|PresignalDely || tse || ms | 
50 _|imesonaioom | it mo | om | 


NOTES: 4. Maximum load which can be connected externally to pin 10 and maintain 
1. ODBm equals 1 mWatt signal power into a 600 Ohm load or 775 mVolts proper tone levels. 

2. Single tone (low group) V+ = 2.5 V. 5. These values are directly related to the RC component values connected 
3. Supply voltage = 2.5 to 6 volts, Re = 10K Ohms. to Pin 7, the rate control frequency is nominally 8 kHz. 
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AC CHARACTERISTICS — PULSE MODE OPERATION 


room| ananerens =m | vr | wae [ | mores 
meme SSSS~SCiéd wT me | 
ror_|oniguirae SSS~wCSCi‘i me pm | 
(or |imioisene |S |p | 
io |wmowaero dT dt # | pm fs 


NOTE: 

1. Typical times assume nominal RC input frequency of 8 kHz. An increase in 
frequency results in an equal decrease in time values and increase in rate 
values. 
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THOMSON 


COMPONENTS 


A REPERTORY DIALER 


PRELIMINARY COMMUNICATIONS PRODUCTS 


FEATURES 


LI] Single chip DTMF and pulse dialer. 


Vt J PULSE OUTPUT 
[1 Softswitch changes signaling mode from pulse to MODE 2 HKS 
tone. C1 3 Ri 
C2 4 R2 
LJ) Nine number repertory plus recall of last number di- G3 5 aa 
aled (18 digits each). a or 
L] Flash key input initiates timed hook flash. aie MUTE 
osc2 8 PACIFIER TONE/ 
Caer aan ae CHIP DISABLE 
LI 8 Tone Per Second dialing in tone mode and 10 PPS c4 9 DTMF OUTPUT 


in pulse mode. 


L] Continuous Tone. 


L) Pacifier tone. 


L) Powered from telephone line, low operating voltage 
for long loop applications. 


DESCRIPTION 


The MK53761 is a Mostek Silicon Gate CMOS IC that 
provides necessary signals for either DTMF or loop dis- 
connect (pulse) dialing. The MK53761 buffers up to 18 
digits into memory that can be later redialed with a sin- 
gle key input. Up to nine repertory numbers may be 
stored. Users can store all 12 signaling keys and ac- 
cess several unique functions with single key entries. 
These functions include: Last Number Dialed (LND), 
Softswitch, and Flash. Figure 2 shows the keypad con- 
figuration. 


ALND key input automatically redials the last number 
dialed. Keys entered during auto-dialing sequence will 
be ignored. However, auto-dialing is momentarily inter- 
rupted (during interdigital pause period or intersignal 
period) while manual keys are depressed. 


Figure 2. Keypad Configuration 


The FLASH will not be redialed, but is stored as a short 
pause in the LND buffer. A subsequent keypad opera- 
The FLASH key simulates a 560 msec hook flash to tion starts recording of anew number in the LND buffer. 
transfer calls or to activate other special features provid- Notice that two consecutive FLASH key entries will ef- 
ed by the PABX or a central office. fectively clear the LND buffer. 
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REPERTORY DIALER 


COMMUNICATIONS PRODUCTS 


FEATURES 


PULSE OUTPUT 


oh 


0 Single chip DTMF and pulse dialer. V+ 


MODE 2 HKS 
CJ Stores 10 18-digit telephone numbers, including last G3 Ri 
number dialed. ee a5 
CL) Softswitch changes signaling mode from pulse to eS nb 
tone. C3 6 R3 
V- 7 R4 
LJ Single button redial of all ten memories. osci 8 MUTE 
L] Flash key input initiates timed hook flash. — : CHIP DISABLE” 
C4 10 DTMF OUTPUT 


CJ 8 Tones Per Second dialing in Tone Mode and 10 
PPS in Pulse Mode. 


(J) Continuous Tone. 


L) Pacifier tone for non-DTMF key entries. 


LJ Powered from telephone line, low operating voltage 
for long loop applications. 


DESCRIPTION 


The MK53762 is a Mostek Silicon Gate CMOS IC that 
provides necessary signals for either DTMF or loop dis- 
connect (pulse) dialing. The MK53762 buffers up to 18 
digits into memory that can be later redialed with a sin- 
gle key input. Up to nine repertory numbers may be 
Stored. Users can store all 12 signaling keys and ac- 
cess several unique functions with single key entries. 
These functions include: Last Number Dialed (LND), 
Softswitch, Flash, and 9 memories. Figure 2 shows the 
keypad configuration. 


* 
SOFTSWITCH # LND 


Figure 2. Keypad Configuration 


ALND key input automatically redials the last number 
dialed. Keys entered during auto-dialing sequence will 
be ignored. However, auto-dialing is momentarily inter- 
rupted (during interdigital pause period or intersignal 


period) while manual keys are depressed. be redialed, but is stored as a short pause in the LND 

buffer. A subsequent keypad operation starts recording 
The FLASH key simulates a 560 msec hook flash to of a new number in the LND buffer. Note that two con- 
transfer calls or to activate other special features provid- secutive FLASH key entries will effectively clear the 
ed by the PABX or a central office. The FLASH will not LND buffer. 
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TELECOMMUNICATION 


see PRODUCTS 

INTEGRATED TONE DIALER 
| MK5380(N/P/J) 
FEATURES PIN CONNECTIONS 


O Low standby power 
O Minimum external parts count 


O Uses inexpensive 3.579545 MHz television color-burst 
crystal to provide high-accuracy tones 


_O Improved loop compensation 
_0 Distortion lower than industry standards 
O Low voltage operation - 2.5 volts 


O Uses low-cost calculator-type keyboard (Form A contact) 
or standard 2-of-8 keyboard 


O Auxiliary switching functions on chip 


O Multiple key entry pin-selectable to either single tone or 
no tone 


DESCRIPTION 


The MK5380 is a monolithic, integrated circuit fabricated 
using Mostek’s Silicon Gate CMOS process. A member of 
the Tone Ill* family of integrated tone dialers, the MK5380 
uses an inexpensive crystal reference to provide eight 
different audio sinusoidal frequencies, which are mixed to 
provide tones suitable for Dual-Tone-Multi-Frequency 
(DTMF) telephone dialing. 


The MK5380 was designed specifically for integrated tone- 
dialer applications that require the following: wide-supply 
operation with regulated output, scanned keyboard inputs, 
auxiliary switching functions, and a Chip Disable input. 


Keyboard entries to the MK5380 integrated tone dialer 
cause the selection of the proper divide ratio to obtain the 
required two audio frequencies from the 3.579545 MHz 
reference oscillator. 


*Trademark of Mostek Corporation 


Figure 1 
V-—» 1(] | }16 —» TONE OUT 
CHIP SINGLE TONE 
i= eee me 15 q— 2 
DISABLE = INHIBIT 


COL 1—> 3{ | | }14<«— ROW 1 


COL2—> 41 J | j13 <&— ROW 2 


COL3—> 5[ | | 112 <«— ROW 3 


V-— > 6| | | 111 <— ROW 4 


OSC IN—> 7|_| ]10 — MUTE OUT 


OSC OUT=<«— 8[ | | | 9 «t—COL 4 


D-to-A conversion for synthesis of the tones is accom- 
plished on chip by a sinusoidally tapped resistor tree. 


Pin connections are shown in Figure 1 and a block diagram 
of the MK5380 is shown in Figure 2. 


FUNCTIONAL DESCRIPTION 


V+, Pin 1 


Pin 1 is the positive supply pin. The voltage on Pin 1 should 
be between 2.5 and 10.0 volts, measured relative to V- (Pin 6). 


CHIP DISABLE, Pin 2 


When the Chip Disable input is connected to the V- supply, 
tone generation will be inhibited, the keyboard inputs will go 
to a high impedance state, and the amplifiers and oscillator 
will be powered down. The Chip Disable input has a pull-up 
resistor to the V+ supply and when floating or tied to V+, the 
MK5380 will operate normally. 
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MK5380 BLOCK DIAGRAM 
Figure 2 


KEYBOARD SCAN 
CIRCUITRY 


osc 
IN 


osc 
OUT 


——SINGLE __ 
TONE INHIBIT 


KEYBOARD SCAN 


CIRCUITRY 


KEYBOARD CONFIGURATION 
Figure 3 


2) 


CLASS A KEYBOARD 


2-OF-8 KEYBOARD 


ELECTRONIC INPUT 
Figure 4 


LL, 


NOTE: t, is minimum tone duration plus 
oscillator start up time (tpi ce) 


RESISTOR TREE 


af 


QD = Oscillator Disable 
CD = Chip Disable 


V- 
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FUNCTIONAL DESCRIPTION (Continued) . 


COL-ROW INPUTS, 
Pins 3, 4, 5, 9, 11, 12, 13, 14 


The MK5380 features inputs compatible with the standard 
2-of-8 keyboard, the inexpensive single-contact (Form A) 
keyboard, and electronic input. Figure 3 shows how to 
connect to the two keyboard types and Figure 4 shows 
waveforms for electronic input. 


The internal structure of the MK5380 Row and Column 
inputs is shown in Figure 5. These inputs are designed to 
sense a connection between Row and Column, or an 
electronic input as shown in Figure 4. Table 1 is a functional 
truth table for these inputs. Note that at least one Row and 
one Column input must be active to generate a valid output. 


When operating with a keyboard, normal operation is for 
dual-tone generation when any single button is pushed, 
and single-tone operation when more than one button in 
the same row or column is pushed. Activation of two or 
more diagonal buttons will result in no tones being 
generated. 


V-, Pin 6 


Pin 6 is the power supply return pin and it is the 
measurement reference for V+ (Pin 1). 


FUNCTIONAL TRUTH TABLE 
able 1 


ie BM] cur 
ove [ove | Batone 
Fearne | Ore | Gann Tone 
ve | Toor | RowTome 


NOTE: STI is floating. 
CD is floating. 


SS gS 
OSC IN, Pin 7; OSC OUT, Pin 8 


The MK5380 contains an on-board inverter with sufficient 
loop gain to provide oscillation when working with a low- 
cost television color-burst crystal. The inverter’s input is Osc 
In (Pin 7) and output is Osc Out (Pin 8). The circuit is 
designed to work with a crystal cut to 3.579545 MHz to give 
the frequencies in Table 2. The oscillator is disabled 
whenever a keyboard input is not sensed. 


Any crystal frequency deviation from 3.579545 MHz will be 
reflected in the tone output frequency. Most crystals do not 
vary more than + .02%. 


OUTPUT FREQUENCY DEVIATION 
Table 2 


Tone Output 
Frequency 
Using 
3.579545 
MHz Crystal 


% 
Deviation 
From 
Standard 


Standard 
DTMF 
(Hz) 


MUTE OUT, Pin 10 


he Mute output is a conventional CMOS inverter that pulls 
o V- with no keyboard input and pulls to the V+ supply 
hen a keyboard entry is sensed. This output is used to 
ontrol auxiliary switching functions that are required to 
actuate upon keyboard input. The Mute Output switches 
egardiess of the state of the Single Tone Inhibit input. Mute 
output is not affected by keyboard inputs when CD is tied to 


ROW AND COLUMN INPUTS 
Figure 5 


STROBE (ROW) 
OR 


| STROBE (COL) 


“STATIC PROTECTION CIRCUITRY 


NOTE: Chip Disable is floating. 
When CD is tied to V-, Row and 
Column inputs go to a high impedance state. 


SINGLE TONE INHIBIT, Pin 15 


The Single Tone Inhibit input is used to inhibit the 
generation of other than dual tones. It has a pull-up to the 
V+ supply and, when floating, single or dual tones may 
be generated as described in the paragraph under 
Row-Column inputs. 


When forced to the V- supply, any time two or more rows (or 
columns) are activated, no tone will result. 


TONE OUT, Pin 16 


The Tone output pin is connected internally in the MK5380 
to the emitter of an npn transistor whose collector is tied to 
V+. The base of this transistor is the output of the on-chip 
operational amplifier which mixes the row and column 
tones together. 


The level-of a dual tone output is the sum of the levels of a 
single row and a single column output. This level is 
controlled by an on-chip reference which is not sensitive to 
variations in the supply voltage. 


Atypical single-tone sine wave output is shown in Figure 6. 
This waveform is synthesized using a resistor tree with 
sinusoidally weighted taps. 
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A simple measurement of distortion may be made directly SPECTRAL ANALYSIS OF WAVEFORM IN FIG. 7 
from the screen of a spectrum analyzer by comparing any (Vert-10 dB/div. Horizontal - 600 Hz/div.) 
component to one of the fundamentals. Figure 8 


TYPICAL SINE WAVE OUTPUT - SINGLE TONE 


: REF .0 dBa 
Figure 6 40 dB/DIV RANGE 5.0 dBa 


bis " - $TOP 6 000.0 Hz 
VBW 100 Hz $719.2 S€C 


TONE LEVEL TEST CIRCUIT 


Figure 9 
V,=2.5-10V 

Figures 7 and 8 show a typical dual-tone waveform and its 
spectral analysis. 
es Ee ee SP SL 
TYPICAL DUAL-TONE WAVEFORM (Row 1, Col 1) 
Figure 7 

3.579545 

MHz 
CRYSTAL 


NOTE: The above circuit connections are for a Row 1 
single tone test. For a Col 1 single-tone 
test, connect Row 1 (Pin 14) and Row 2 
(Pin 13) to Col 1 (Pin 3). 
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| ABSOLUTE MAXIMUM RATINGS* 


“WE SUPA VONAGE NF acneecsqaoncygynddeehyowiennteecweenerncstasacorasnaviciwieeesovickehauiian« 10.5 volts 
Any APU Ol 10°VF oi. nod ingens banned anse wanda es badow banaewswakaeamesenwcaieoncd dice, +0.30 volts 
ANY WPUt RelaNye 10 Va isic a natn omenninn ast ened desided adWaseu era's obnad balideouseyceaice’ eutbecks -0.30 volts 
Operating Temperature ........... 0. ccc cece cece cc ceccceenecenace Siutensineseed oeeeeeeneecs -30°C to +60°C 
wtOrdGe TEM Pelle ic.scocies 4 naende.ageadons anew adeseuntac popawawkawaduciwadadauawesed dana: ~55°C to +125°C 
Maximum Circuit Power Dissipation..............ccccccccccceccccccce 500 mW @ 25°C (see derating curve below) 


*Stresses above those listed under ‘‘Absolute Maximum Ratings” may Cause permanent damage to the device. This is a stress rating only and functional operation of the device at 
these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. a 


RECOMMENDED OPERATING CHARACTERISTICS 
POWER DISSIPATION DERATING CURVE 


Figure 10 
60 
T. 40 
A SAFE OPERATING 

CC) 20 RANGE 

a) 
0 100 200 300 400 500 
DERATE AT9 mW/°C 
mW WHEN SOLDERED INTO 


PC BOARD. 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 
(-30°C <T, < 60°C) 


SYM | PARAMETER ) MAK 

Supply Current - Standby and CD re a ee pA 

floating ortiedtoV+.(TA=25°C) | | 20 [100 

Supply Current - Operating mA 
(CD floating or tied to V+) ee 


Keyboard Pull-Up Resistance 
CD tied to V+ 
CD tied to V- 


Keyboard Pull-Down Resistance 
CD tied to V+ 
CD tied to V- 


Output Drive, MUTE - No Entry 
Output Drive, MUTE - Valid Entry 


AC CHARACTERISTICS 
(-30°C <T, = 60°C; 25 V<V+ = 10.0 V) 


(Key Down and CD floating or tied 


TONEyxp| Tone Output-No Key Down or CD 
MVimg | 15,16, 17 
to V+) 


tied to V- 

TONEoyt 

jas [owapmnn [| 88 | 100 
fas | Keyboard Scan Frequency | 699 | 


Tone Output Voltage 


NOTES 
14. Crystal parameters: Rg < 100 2, Lyy = 96 MH, Cyy = 0.02 pF, Ch = 5 pF, f = 
1. All voltages referenced to V- (Pin 6). 3.579545 MHz, C, = 18 pF. 
2.2.5 V minimum instantaneous in loop applications. 15. Single-tone, low-group Ta = 25°C. 
3. All outputs unloaded. 16.25V<V+< 10.0 V, Re = 100 2 (See Figure 9). 
4. Current out of Pin 6, no key depressed. 17. TONEQuT measured at rin 16 (See Pigute a . . 
5. Current out of Pin 6, one key depressed. 18. TONEQyt (measured at Pin 16 in loop applications) = 155 MVrms (typical). 
6.V+ =2.5V. Re = 100 2. (See Figure 11). 
7V+=10.0V. 19. The tone level, when used in a subscriber set, is a function of the output 


resistor Re and the telephone ac resistance (Ry). The low-group single-tone 


8. When Row or Column inputs are sensed, the keyboard inputs are alternatel ‘ . ‘ 
: ——— i output amplitude is a function of Re and R,_ by the relationship: 


strobed. When a Row is strobed, the Row pull-down and Column pull-up 


resistances are enabled. This strobing alternates in the frequency range of 1 . 

699 to 948 Hz depending on which row is selected. When no inputs exist, Vo a O94 Re 

either a Row or a Column input will be statically sensed. TONEQuT “ RL 
. . z sen mae) where Vg is the tone output amplitude at the phone line, and R_ is the 
11.V+=2.5V, VoHM = 2.0V. equivalent ac impedance in shunt with the tone generator (R__ typically 
12. V+ = 10.0 V, Vou = 9.5 V. varies with loop current). Rg is the resistor value from TONEgut to V-. Ina 


13. Time from a valid keystroke with no bounce to allow wave to go from eel i Spe eanon sloughs a eae tite * as saat 
minimum to 90% of final magnitude of either frequency. PHS NS He ane CUP UUE Ves yi Mena eer 18 a all 
on loop current. 
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TYPICAL APPLICATION 


Figure 11 shows an application of the MK5380 in a 
standard telephone set that uses the standard 2500- 


Type Speech Network. 


TYPICAL APPLICATION IN 2500-TYPE TELEPHONE 
Figure 11 


PHONE HOOK 
LINE SWITCH 


fojejaics 
To|gio/o5 
'OGIE Eb 
fejojo|o 


3.579545 
[ are 
MHz 


Q3 
2N3904 


Lf. 
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13V 
CR1 
1N4743 
C1 
0.0047 uF 


51k 
R5 


ee 
PACKAGE DESCRIPTION PACKAGE DESCRIPTION 


Plastic Dual-In-Line (N) Side-Braze Ceramic (P) 
16-Pin 16-Pin 
MK5380N MK5380P 


3107 .015 


O50R+ .010 


8 
pls 

al 
a | 
= 
= | 
ae 


018+. 003 | 
TYP. 


-060 NOM. 


7 EQUAL SPACES @ 100 € € 


NOTE: Dimensions are in inches. NOTE: Dimensions are in inches. 
PACKAGE DESCRIPTION 
Cerdip (J) 
16-Pin 
MK5380J 


nmmeAs 


#4 ‘ore Ls + L— 
.010 + 002 
—_—S 
7 EQUAL SPACES @ .100 ———_> 


‘NOTE: Dimensions are in inches. 
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TEA3046 


TELEPHONE LOW-COST MONOCHIP 


Specially designed for a basic low cost telephone set application, this 28- 
pin IC provides transmission and line adaptation, DTMF generation and 
power supply for peripheral circuits. Interface is also possible with a micro- 
computer for a more sophisticated set. 


Low working voltage 

Wide operation current range 

Adjustable automatic line length receiving and sending gain control 
Adjustable automatic line length tracking anti-sidetone system 
Adjustable dynamic impedance 

Microphone preamplifier compatible with both symmetrical and asym- 
metrical inputs 

Adjustable microphone amplifier gain 

Adjustable earphone amplifier gain 

Low send and receive. noise 

Click-free switch-over from speech mode to dialling mode & vice-versa 
Silent position facility 

Single-tone facility 

Two keys roll over provided 

Switch bounce elimination 

Microcomputer interface available 

Adjustable output tone level 

Temperature independent output level 

Inputs protected against electrostatic discharge 


Power supply for peripheral circuits. 
Soon available in S028 plastic micropackage 
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TELEPHONE LOW-COST 


MONOCHIP 


CASE CB-132 


DP SUFFIX 
PLASTIC PACKAGE 


1209 Hz 
1336 Hz 


21L} 770 Hz 
20} 852 Hz 
19] | 941 Hz 


Microphone 
inputs 


18:7) CFit+Rorme 


Ref.00625 
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BLOCK DIAGRAM 
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TEA3046 


PIN DESCRIPTION 


Description 


Power supply output 


Supply output 


CvsT decouples the voltage stabilizer 


Capacitor to reduce the noise 


Cvref decouples the biasing voltage. This reference biasing voltage is temperature 
independant. 


Earphone amplifier output 


Short line antisidetone circuit Za, and earphone amplifier input. 


Cvst 


Cc 


2 


Cv ref 


Earphone output 


ZAL2 Long line antisidetone circuit Za; 9 and earphone amplifier input. 


RCG2 fixes gain control (see note 4). 
RCG1 fixes gain control (see note 4). 


RcG2 


RZ fixes the impedance value of the circuit. 


Earphone output A short circuit to the ground on this pin mutes the earphone signal. 


A short circuit to the ground on this pin mutes the microphone signal. 
Cro filters both microphone and DTMF signals. 


Ce, and Rorme filter the DTMF signal & set DTMF signal level. . . 


2» N 
2) 


Micro mute 


Cr2 


CF1 +RDTMF 


Microphone 
inputs 


16-17 
18 Vref. voltage on this pin is temperature stable. 
“D" logic input. 941 Hz keyboard row. 
“C” logic input. 852 Hz keyboard row. 


770 Hz “B" logic input. 770 Hz keyboard row. 


| 


ae 
NO 
= 
i 


697 Hz “A” logic input. 697 Hz keyboard row. 


1633-Hz “ logic input. 1633 Hz keyboard column. 


1477 Hz a “G" logic input. 1477 Hz keyboard column. 
. 1336 Hz 25 “F’ logic input. 1336 Hz keyboard column. a 
a 1209Hz ; 26 “E” logic input, 1209 Hz keyboard column. i 
Xtal 7 es | Oscillator input _ 


VCC 
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ee SS 


MAXIMUM RATINGS 


Rating 


Side 


| range 


TEA3046 


Supply voltage 


Power dissipation 


Operating temperature 


Storage temperature 
range 


STATIC ELECTRICAL CHARACTERISTICS 
- 25°C < Tamb < + 65°C 


Line impedance Z, = 600 Q 


Characteristic 


Line current (pin 28) 
MPU supply OFF 
MPU supply ON 


Voltage over the Ic (pin 28) 
IL =15 mA 
IL = 100 mA 


Voltage stabilizer (pin 3) 
IL =15 mA 

IL = 100 mA ; 

Power supply (pin 2) 

max current (V2 =3.2 V) 


Sending mode V28 = 5dBm 
Without Ac line signal 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
Tamb =+ 25°C 

Line impedance Z| = 600Q 

F=1 kHz 


Characteristic 


Max sending gain 
Ray =0 (No gain control action note 1) 


Gain control 
Sending gain decrease 
(Note 1) 


Common mode rejection ratio (Gg max) 


Line signal distortion MPU supply ON 
V28 < 3.5 dBm = 
V28 < 5.5 dBm = 


Line signal distortion MPU supply OFF 
V28 < 3.5 dBm 
V28 < 55 dBm 


Imput impedance 
Symetrical mode (pin 16.17) 
Asymetrical mode (pin 16) 
Asymetrical mode (pin 17) 


Transmission noise level (pin 28) 
(Psyphometric Ray = 200 Q 


Gain reduction during dialing 
(Note 1) 


2 wires to 4 wires conversion efficiency 
(Note 2 - Reception gain from line to 
earphone is 0 dB: V28/ V26 = 1) 

IL =30 mA eZ; = 600Q 
L=87 mAeZ =2 


Earphone amplifier (Note 3) 
Max gain (no gain control |, = 30 mA e Gr = V6/ V8) 
Gain control (Reception gain decrease) GR 


Earphone signal distortion 
(R earphone > 150 Qe V6 =- 10 dBV) 


Output noise level 


Impedance: depends on external component, Rz 
(Z =(V28/128) Ac and RZ pin 11 = 75 Q) 


OTMF Grenerat or (note 4) 
Crystal oscillator frequency ~ 
Tone frequency accuracy ~ 
Low group tone level (depends on external components) - 
High group tone level (depends on external components) ~ 
Preemphasis (depends on external components) - 
Distortion DTMF signal (depends on external components) - 
DTMF signal level spread (depends on external components) - 


Logic inputs (note 5) keyboard mode 
Switch bounce elimination ; = 
Keyboard contact resistance ‘‘ON” - 


Keyboard contact resistance ‘‘OFF”’ - 
ee ee =e 


Logic inputs (note 6) Mpy mode 
Current drawn by A.B.C. and D input to go low _ 
Current to force inputs E.F.G and H to go high ~ 

L Input impedance 


Input max voltage on A.B.C.D. or E.F.G.H. inputs - 


i 


3.579545 


+2 


dB 
21 - 
7 in ane 
3 % | 
SS 
- dBmp | 
700 Q. 
| 
. = MHz | 
+1.5 % | 
-6 dBm 
-4 dBm 
+3 dB 
~26 dB 
+2 dB 
= ms 
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Note 1: Transmission mode - test diagram 


External components: 


RAL1 = RAL2 =0 

CAL1 = CAL2 = 47 pF 

RALB1 = RALB2 = 56 kQ 

REC1 = REC2 =6.2kQ 

CEC1 = CEC2 = 2.2 nF 

ROTMF =511Q CF1=106nF CF2=10nF 
RZ = 759 

RCG1=60kQ  RCG2=14kN 
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Note 1: test conditions (continued) 


Maximum transmission gain for IL = 30 mA Gain control: 
GSmax = 8 — @ For IL = 30 mA: GS = GSmay. 
" e For IL = 87 mA: GS = GSmax — 6 dB. 


30 87 IL (mA) 
e For other values of line current and corresponding CMRR — 
values of RCG1 and RCG2: see application note. @ Forii=30 mA 
Gain reduction during dialing 28 Gs | 
st _ max 
@ Close swith S (pin 13). GSCM = CMRR = Berk 
1 uf 
179 
160-——} 
i Vm 
Transmission noise level: ; 
e@ Measured on pin 28 with IL = 30 mA and the cor- 1 uf 
responding diagram on the microphone inputs. Opened 
200 22 
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Note 2: Antisidetone - test diagram 


External components: 


RZ = 75 RDTMF = 511 CF1 = 106 nF CF2 = 10 nF 
RCG1 = 60 kQ RCG2 = 14kQ . 


RAL1 =0O RALB1 = 56 kQ CAL1 = 47 pF REC1 = 6.2 kQ CEC1 = 2.2 nF 
RAL2 = 28 kQ RALB2 = 51 kQ CAL2 = 1.15 nF REC2 = 2.7 kQ CEC2 = 2.2 nF 


Test conditions: 
e Short line: |L=87 mA ZL = 6002 1345 YQ) 


e Long line: IL = 30 mA ZL = ZLL 
ZLL represents a line 3.5 kilometers long with a 
diameter = 0.4 mm. 
Antisidetone efficiency: 


235 {2 


V6 . 
E = 20 logio {| —— 118 nF 
ao( 5) 
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‘Note 3: Receiving mode - Test diagram 


External conponents: 
RAL1 = RAL2 =0 CAL1 = CAL2 = 47 pF RALB1 = RALB2 = 56 kQ 


CEC1 = CEC2 = 62 kQ 


REC1 = REC2 = 2.2 nF RZ = 75 RCG1 = 60 kQ RCG2 = 14 kN RDTMF = 5119 
CF1 =106 nF CF2 = 10 nF ; 
Test conditions: 
Maximum receiving gain: 
ra V6 
For IL = 30 mA GR =— 
o FOr max” \7g 
Gain control: 
e For lL = 30 mA GR = GRmax 
e For iL = 87 mA GR = GRmax — 6 dB 
Output noise level: et 
e Measured on pin 6, with the corresponding diagram “- 
on microphone inputs. 
(2 Qe 
1 pf 


220 nF 
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Note 4: DTMF - Test diagram 


220 nF 


External conponents: 


RAL1 = RAL2 =0 CAL1 = CAL2 = 47 pF RALB1 = RALB2 = 56 kQ 
CEC1 = CEC2 = 62 kQ REC1 = REC2 = 2.2 nF 

RZ = 752 RCG1 = 60 kQ RCG2 = 14kQ 

RDTMF = 5119 CF1 =100 nF CF2 = 10 nF 

IL = 30 mA 


Frequency accuracy, tone levels, preemphasis, distor- 
tion can be measured by putting the right code on the 
logic inputs for every couple of frequencies. See note 5 
and 6. 


Remaining receiving gain during dialing: the circuit 


must be in test mode (single-tone). 
Remaining gain = 20 logio (V6/V28). 
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Note 5: Logic inputs table - Keypad mode 
EQUIVALENT DRAWING OF LOGIC INPUTS 


INPUTS A,B,C, D INPUTS E, F,G,H 


20 HA - Left OPEN = LOW 


OPEN = HIGH 
5kQ 5 kQ 


| inputs | Generated | 
Afalctoletelatny aoe? ae Notes 
es 


ae 
mr te races 
pHi(wH[w[a[efele al 
fet | [ [e{ [ [ [ 697+ 120 | 
fel [| [| [ [w{ [ |[ 9741338 | 2 | 
cf | | Tt 7 fay | eoretaz7 | 
69741633 | “A” | 
770+1209 | “4” | 
Teo eT restase fe 
P fe fT TT fa] | zo4ta77 |e 
a 
| | fey fa] | [| es24t209 | 
Pt fey | fat [| esa4t336 |e 
Pf fet Tf fet] esastaz7 |e 
a 
P| fT fete] [ | | 94141209 | 
Pt ft fey fay | | 9at+t 336 
ee ee on 


Note 5.1: Speech mode. 


Note 5.2: Test mode. 
Low group tones. 


Note 5.3: Test mode. 
High group tones. 


Note 5.4: This table is only valid if E,F,H, = low. 
As soon as one of the inputs E,F,G,H, is high, the others are considered low. 
As soon as one of the inputs A,B,C,D, is low, the others are considered high. 
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Note 6: Logic inputs table - Microprocessor mode 


ee . en = ——— 
Inputs Generated | 
i Symbol ‘Mute Notes 
tones (Hz) 

Ajepicjole F H|G 

H|H|H/H L L é i off 6.1 
x |x| x Ht - an ee 6.2 
H|H|H|H H H | 697+1 209 a ae ee 

+--+. : 

H} HHL H  697+1336 : on 

TH) H) LTH) oH || 69741477 aap on 

HHI L H | 69741633 i on 

hehe be pet ww ptt 908 aa 


-H|770+1396 | 5" | on 


6.3 
770 +1 633 aaa 

(LH H 852+1 209 on 

Cc H{ Hie] ow | H|  952+1336 on 

L,HiLiH) oH H | 852+1477 oa 

tlh] ey H H | 85241633 a ae 

Tel tulala H | H| 94141209 on 

tet c = 

eer ree H 941+1 336 “OF 

L LiLiH: 4H H | 94141477 # on 

eters ee eers aie ae 

Liecicit! ou H | 94141633 D on 


Note 6.1: Speeck mode. 
Note 6.2: Silence position. 
Note 6.3: Mute coincides with tone borsts. 


Impedance mute or silent setting 


EFH = MUTE | | | {| 4 
G = ENABLE — Jf LJ f), 
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LINE SIGNAL SPEECH DTMF SILENCE DTMF SPEECH 
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FUNCTIONAL DESCRIPTION 


TRANSMISSION AND LINE ADAPTATION 


Includes microphone and telephone amplification, both 
with line length depending gain control anda line impe- 
dance automatic matching 2-wire to 4-wire conversion. 


The microphone preamplifier performs high CMRR, for 
crosstalk and radio detection immunity and low noise 
characteristic. Its architecture allows symmetrical and 
asymmetrical inputs and external adjustment of gain to 
fit difference microphone capsules. A single pole filter 
limits the amplifier bandwidth for a best high frequency 
figure. 


The earphone amplifier is a low consumption type. It is 
click free when muted and its gain can be externally 
adjusted. 


2-wire to 4-wire conversion is performed by subtracting 
microphone signal from line before applying it to ear- 
phone amplifier. An automatic line impedance tracking 
antisidetone circuit provides excellent sidetone effi- 
ciency for every line length. 


The dynamic impedance of the circuit is set by an exter- 
nal resistor to match with different line impedances. 


The line length is sensed through the line current. 2 
external components allow the gain control to compen- 
sate any kind of line length and feeding bridge. 


DTMF SIGNAL GENERATION 


Tones are obtained from a crystal controlled oscillator 
followed by two independent programmable dividers 
and 2 sinewave synthetizers. The crystal is a low-cost 
TV model 3.58 MHz oscillator. 


The amplitude of the multi-frequency signal is set by an 
external resistor. 

The required tone frequencies are selected by either an 
inexpensive single contact 4 x 4 keypad or by a micro- 
computer. Single-tone operation for testing is also pro- 
vided. 


THE POWER SUPPLY 


This is 0.6 mA current source with a typ max voltage 
compliance of a 3.2 V. 

It can power either and electret microphone or a micro— 
processor. 

If this source is not used, pin 2 is connected to ground to 
reduce the ICC (pin 28) current. 
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CASE CB-132 


C SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


(1) Nominal dimension 
(2) True geometrical position 


J 


ASIE F 144 CB- 132 
CEI DATA JEDEC SITELESC ee 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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PRODUCT PREVIEW 


TELEPHONE LOW-COST MONOCHIP 


Specially designed for a basic low cost telephone set application, this 
28-pin IC provides transmission and line adaptation, DIMF generation 
and power supply for peripheral circuits. Interface is also possible with a 
microcomputer for a more sophisticated set. 


Low working voltage. 
Wide operation current range. 
Adjustable automatic line length receiving and sending gain control. 
Adjustable automatic line length tracking anti-sidetone system. 
Adjustable dynamic impedance : can be complex. 
_Microphone preamplifier compatible with both symmetrical and 
asymmetrical inputs. 
Adjustable microphone amplifier gain. 
Adjustable earphone amplifier gain. 
Low send and receive noise. | 
Click-free switch-over from speech mode to dialling mode & vice- 
versa. 
Silent position facility. 
Single-tone facility. 
Two keys roll over provided. 
Switch bounce elimination. 
Microcomputer interface available. 
Adjustable output tone level. 
Temperature independent output level. 
Inputs protected against electrostatic discharge. 
Power supply for peripheral circuits. 
DTMF distortion according to CEPT. 
Planned for production in a S028 plastic micropackage. 
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TELEPHONE LOW-COST 
MONOCHIP 


CASE CB-132 


DP SUFFIX 
PLASTIC PACKAGE 


PIN ASSIGNMENT 


Voc 

Supply output| | 2 Xtal 
1209 Hz 
1336 Hz 

ernie: | |5 1477 Hz 

1633 Hz 
697 Hz 
770 Hz 
852 Hz 
941 Hz 
Ry 


Microphone 
inputs 


Micro. mute| } 12 


Ref.05175 
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This is advance information and specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages. 


3-92 


TEA7031 


LOUDSPEAKER AMPLIFIER 


The TEA7031 is a 28-pin DIL integrated circuit especially designed to be 
used as loudspeaker amplifier. 
Functions implemented on the chip include: 


e@ Loudspeaker amplifier. 

e Anti-acoustic feed-back system (anti-larsen). 

e Direct microcomputer supply. 

e Switching regulator. 

These functions are electrically separated and may be used individually. 
One of the main applications is the telephone set with loudspeaker. 

In this configuration, the circuit is used in conjunction with TEA7030. 


Loudspeaker amplifier 


e DC voltage: from 2.5 V to 6 V. 
e Supply current: less than 1.5 mA without output current. 
e High output voltage swing: 3 Vpp on a 50 Q loudspeaker 
with only 3 Vdc supply. 
@ The gain of the amplifier is programmable linearly or in 4 steps of 6 dB. 
e@ When the required output energy becomes higher than the energy 
available by the power supply, an automatic gain contro! system will 
reduce the gain to avoid distortion. 


High efficiency anti-acoustic feed-back system 


e Adjustable as a function of the mechanical feed-back. 

e An original system will distinguish between voice and other signals 
thus preventing the amplifier to switch off in the presence of back- 
ground room noise signals. 


Microcomputer supply 


e DC voltage: from 2 Vto 5 V. 

e Reset and halt signals available. 

e Aring Detection Signal (RDS) is available to allow the circuit to be used 
as a ringer for telephone set. 


Switching regulator 


e Low operating supply voltage. 

e If the circuit is supplied by a high voltage energy source, e.g. 22 V 
which is normally the case while ringing signal is being received, due 
to high impedance characteristic of the circuit, the available current 
will be insufficient for satisfactory circuit operation. Under this condi- 
tion, the on-chip SWITCHING REGULATOR will convert the available 
high voltage into a low voltage (e.g. 33 V) and will provide the required 
amount of current for high efficiency circuit operation. 

e Soon available in a SO28 plastic micropackage. 
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LOUDSPEAKER 


AMPLIFIER 


CASE CB-132 


DP SUFFIX 
PLASTIC PACKAGE 


PIN ASSIGNMENT 


Ext. PNP base [] 1 Ring supply 
Supply reg. 7} 9 2717] Ring detection 
Te (RDS) 
Vz1 (SMPS) [] 3 26 [] ON/OFF 


Loudspeaker 
output 2 


2 Loudspeaker 
Micro input 1 LJ 9 Butgar | 


Micro input 2 LJ 10 Ringing input 


Anti-larsen 
filter 1 Halt 


Anti-larsen [7 4 
filter 2 12 lapis 


Earphone input |_| 13 GND2 
MCU supply |_| 14 ry supply 


Fref. 00645 


—_e7 


GND 1 
FAGC 
vcs 
MC 1 
MC 2 
FAL 1 
FAL 2 
INEAR 
VZMP 
A 
DND 2. 
RS 
Halt 
INRG 
LS 1 
VREF 
LS 2 
GND 3 
PGLO 
PGL1 
ON/ OFF 
DS 
Vs+ 


OMAN ODO AFAWH HH OO WAN OOTP WHY 


NR Nh KH ND 
Wn -—- Oo 


NR BR 
nn - 
—— 


NR Nh NO 
ON OD 
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PIN DESCRIPTION 


Description 


Base drive to external switching transistor of the switchmode power supply 
Switchmode power supply regulation input 

3.5 V Reference voltage to switchmode power supply 

Adjust VZ1 | 

Adjust VLS 

Ground 

Gain control filter 

Supply voltage 

Microphone input 1 

Microphone input 2 

Antilarsen filter 1 

Antilarsen filter 2 

Earphone input 

Microprocessor supply voltage, internally zener stabilized (3.3 V) 
Adjust Vzmp 

Ground 


- Microprocessor reset output 


Microprocessor halt output 
Input ringing signal 
Loudspeaker output 
Internal reference 
Loudspeaker output 
Ground 


GAIN LEVEL PROGRAMMING 


Loudspeaker ON/ OFF 
Ring signal indication 
Rectified ring signal input 
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MAXIMUM RATINGS 


Supply voltage 
(adjustable) 


Input voltage rectified 
ring signal VST 


Supply current 
Power dissipation 


Microprecesseur short 
regulator voltage 


Operating temperature 
range 


Storage temperature 
range 


VLS 


ELECTRICAL CHARACTERISTICS 


Tamb =+ 25°C 


ILg=2mA 
ILg=30mA 


Voltage reference (fig. 1) 


Min. supply current (fig. 2) 
Vis=26V 
Gain control current 
ILS =30 mA (fig. 1) 
VLS =2.6 V (fig. 2) 
Low speaker amplifier 
V22-V21 (fig 3) 


Gain= 
| — F=800 Hz, Voyt=0.8 VRmsS 


Supply current (fig. 3) 


Distortion (fig 3) 
300 Hz to 10 kHz at Gryax 


Vis=3V, VouTt=1VRuMs 


ey -. V22-V21 j¢ 
Ringing gain =-“S 75 <— (fig 4) 


Characteristic 
| Shunt voltage regulator 


ON/OFF 


ON/OFF | Pgo 


TEA7031 


G 
GND - 
Vis a 
GND = 
GND “ 
GND s 

ILS 


ON/OFF | Pgg | PGi 
GND Vis | Vis = 


ON/OFF | Pgo | PG1 
VLS Vis | Vis 
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dB 


ELECTRICAL CHARACTERISTICS (Continued) 
Tamb =+ 25°C 


Characteristic 


Microphone input impedance 
Earphone input impedance 
Ringing input impedance 


Input current on state (Vis = 5.5 V) (fig. 3) 
V24=0V25=V26=5.5V 
V25=0V24=V26=5.5V 
V26=0V24=V25=55V 

Input current off state (Vis =5.5 V) 

(fig. 3) 

V24=V25=V26=5.5V 


Anti-acoustic feed-back system 
Microphone gain = 20 logy9 [(V11/ V9) -V10] 
(fig. 5) 

Vis =2.8V,V9-V10=10MVimsf =2 kHz 
Efficiency = 20 log [V21 -(V22/V13)] 

Vig =2.8 V (fig. 6) 

V13=20 mVrnus. V1 2=0.3V 
V13=20 m Vams. V12=0.6 V 


Microcomputer shunt power supply 
Supply voltage (fig. 9) 
I7mp1=3mMA 
Supply current (fig. 10) 

Vzmp =0.8 VzmP1 

Output current (fig 10) 
V17=V1 8 = Oy 

Reset: ON, V14=Vz2.yp1 
Reset: OFF, V14=0.8 Vzpyp4 


Halt: ON, V14=Vz2y4p41 
Halt: OFF, V14=0.5 Vzmpa 


Switch mode power supply 

Max input voltage (fig. 7) 

lys =1ma. V14=Oy 

Voltage reference (fig. 7) 

Vg =22V,Visg=2.8V 

Output current to PNP base (fig. 8) 
V14=Oy, V2=3 V, PNP on 
V14=0y, V2 =4 V, PNP off 

V4 (fig 8) 

V14=O0y,V2=4V 

Ring detection (fig. 8) 

V14=3.5V 
V14=VzmpP1 


TEA7031 
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FIGURE 1 
TEST VLS - VREF - 1 AGC 
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FIGURE 2 
TEST POWER SUPPLY - ILS - | AGC 
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TEA7031 


FIGURE 3 
TEST LOUDSPEAKER AMPLIFIER - GAIN - DISTORTION - ILS 


FIGURE 4 
TEST RINGING GAIN 
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FIGURE 5 
TEST ANTI-LARSEN EFFICIENCY 


VEAR 


FIGURE 6 
TEST ANTI-LARSEN EFFICIENCY 
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FIGURE 7 
TEST POWER SUPPLY IN RING MODE - VZ1 - IBPN - IDS 


FIGURE 8 
TEST POWER SUPPLY IN RING MODE 
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FIGURE 9 
TEST MICROPROCESSOR SUPPLY - VZMP 


FIGURE 10 
TEST MICROPROCESSOR SUPPLY - IZMP - IHALT - IRS 
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TEA7031 


TYPICAL DISTORTION VERSUS OUTPUT POWER 


(%) VLS = 2.8 Volts 
Av= 32 dB 
RLoad (22.20) = 50 $2 
f = 1kHz 


ILS (mA) 
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TEA7031 


MAXIMUM AC INPUT VOLTAGE VERSUS GAIN AMPLIFIER TYPICAL CURVE 


VEAR 
(mV rms) 


(dB) Gain 


MAXIMUM POWER AVAILABLE ON LOUDSPEAKER VERSUS VLS TYPICAL CURVE 


150 


POWER 


(mW) 


a] 
mm | fd 


VLS (Volts) 


5 
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TEA7031 


MICROPROCESSOR POWER SUPPLY WAVEFORM 


{ener Eee 
Lo | | Vj 


Z % 
yy je 


Typically AVepeset = 02V Gy 
AVuALT = D2 = Undefined 
A, 
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TEA7031 


TYPICAL APPLICATION 


ell ot L f 
1 ae 
a a 


VEA 


ee 


Cc10 
LINE | | cs : 
RINGING 

R8 


INPUT 
FROM 


oe eer] 


a vai 
POWER SUPPLY 
IN RING MODE 
es oid 


' 
270 30mA 0 TO 30mA nny WW 

RECOMMENDED COMPONENTS 
R1 82 kQ C1 100 pF C10 66 nF Z1.1N4148 
R4 220k C2 220uF/6V C11 10 uF/6 V L1 0.5 mH 
R5 1 kQ C3 10ywF/35 V C12 22 uF/6 V 
R6 10 kX C4 33 uF/6V C13 33 uF/6 V 
R7 330kQ C5 68nF T1 BCW93 
R8 1kQ/1 WwW C6 220 nF D1 BAT48 
RQ 1.0 kQ C7 220 nF D2 BAT48 
R10 100 kQ C8 1 uwF/160 V D3 BAT48 
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LOUDSPEAKER AMPLIFIER 


e Internal AGC is used for anti-larsen and anti- @ The gain can be linearly adjusted by a potentiometer 
distortion systems. on the input 13. 
e@ Logic input: ON/OFF e On-chip bridge-output allows high output level with 
Gain adjustment(pins 24-25): 4 levels in low DC supply voitage. 


steps of 6 dB. 


AGC FILTER 1 


e DC voltage is internally adjusted at 2.8 V does not have enough power to drive the louds- 
36 + 24 peaker, hence causing distortion. The loudspeaker 
1k —_—_—_——— ; : ; 
24 gain decreases until the power required by the 
e This voltage can be externally adjusted by resistors loudspeaker adapts to that available on the amplifier. 
on pin 5. e The RC network on pin 7 determines the time con- 
e Resistor R detects when the loudspeaker amplifier stant of the AGC. 
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TEA7031 


ANTI-LARSEN SYSTEM 


C1 


—~{). 


MICROPHONE 
INPUTS 


MICROPHONE RESPONSE CURVE (CEPT) 


PILTER 


300 Hz VOICE LARSEN FREQUENCY FREQUENCY 
@ A2nd order filter (e.g. at 1 kHz) formed by C1 and C2 @ The RC network on pin 12 determines the times 
separates the voice from the acoustic feed-back sig- constant of the anti-larsen system. 
nals. e@ The microphone input stage is well balanced to avoid 


radio frequency detection. 
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TEA7031 


SHUNT MICROCOMPUTER SUPPLY 


| MCU SUPPLY 
24 GND3 


e@ The supply voltage is internally adjusted at 3.3 V. It e Reset signal is “ON” at 2.4 V. 
can be externally adjusted through pin 15. - e Halt signal is “ON” at 2.9 V. 
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TEA7031 
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SWITCHING SUPPLY 
@ This supply allows the circuit to be used for a ringer. and the microcomputer power supply is satisfactory, 
@ It converts the high voltage to high current on the the circuit will send and active RDS" signal to the 
loudspeaker and powers the IC. So the same circuit microcomputer to instruct it to generate a melody 
can be used both as voice amplifier and ringer ampli- signal. Conversely, the microcomputer will return 
fier. the melody signal which is then processed internally 
@ When the switching regulator is operating properly by the TEA7031 and applied to the loudspeaker. 


Application for telephone set 


To 


TO 
mcu MCU 


SUPPLY 


mcU 


LOUDSPEAKER AMPLIFIER 


2TO30mA 
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TEA7031 


CASE CB-132 


C SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE. 


(1) Nominal dimension 
(2) True geometrical position 


iRite 


ASIE #144 9 (CB-132_ | 
CEI _ JEDEC SITELESC  OMOOR 


These specifications are subject to cnange without notice. 
Please inquire with our salles offices about the-availability of the different packages. 
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TEA 7531 
TELEPHONE SET LOUDSPEAKER AMPLIFIER 


The TEA75371 is a 16-pin DIL integrated circuit especially designed to be used as 
a loudspeaker amplifier. It is the same as the TEA 7031 but without the switching 
supply for MCU. 


Functions and features implemented on the chip include: 


¢ Amplifying the incoming signal and feeding it to the loudspeaker. PGO and PG1 
inputs are used to set the loudspeaker gain in a range of 32dB to 14dB in 6dB 
steps. 

e Permitting the loudspeaker to be cut-off thus ensuring privacy of communication. 


¢ Incorporating the antilarsen (Anti acoustic feedback) system. 


e Producing maximum output power of 100 mW at 5 V or 25 mW at 3 V (into 
a 50 Ohms loudspeaker). 


BLOCK DIAGRAM 


LEVEL CONTROL 


THOMSON COMPONENTS MOSTEK 
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TEA 7031 
LOUDSPEAKER AMPLIFIER 


APPLICATION NOTE AN-056 


BLOCK DIAGRAM 


OL OL NOW : ba _ 
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ONIDSNIY 
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TEA7031 circuit offers a low-cost design solution, employing a minimum of external components for 
loudspeaker-type telephone. sets and other applications where amplified monitoring is needed. 


DESCRIPTION 


TEA7031 I.C. is a 28-pin DIL integrated circuit providing the following facilites: 


e Loudspeaker amplifier. | 

e Anti-acoustic feed-back system (anti-Larsen system). 
e Microprocessor supply and control. 

e Switching regulator control. 


These facilities are generally electrically separated; hence selective use of the functions provided is 
possible. 


LOUDSPEAKER AMPLIFIER 


AGC 


EARPHONE INPUTO 


RINGING INPUT 


260GAIN ADJ 1 


DO ON/OFF 


The amplifier is divided into 3 main sections: 
a) Automatic Gain Control (AGC). 


b) Preamplifier. 
c). Push-pull amplifier (bridge structure). 
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DESCRIPTION (continued) 
a) The AGC section is used for the anti-Larsen and anti-distortion system. 


e When used in a telephone set to avoid Larsen effect the AGC automatically decreases louds- 
peaker amplifier gain. 

e When the required output level exceeds the capabilities of the available current, the AGC 
decreases the loudspeaker amplifier gain to avoid distortion. 


b) The preamplifier permits step control of amplifier gain in steps of 6 dB, using pins GAIN ADJ 1 and 
2, which may be controlled using switches or by a microprocessor. 
The amplifier may be muted using the ON/OFF control signal (pin 26). 


c) The output amplifier uses a double push-pull configuration (H bridge) to get maximum dynamic 
range under limited supply conditions. 


VEA 
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DESCRIPTION (continued) 
Amplifier DC supply 


In transmission mode, the supply voltage is controlled by the internal shunt DC regulator. For this 
reason, the TEA7031 should be supplied from a current source (see: supply considerations). 


An anti-distortion system is embodied which provides AGC control to avoid loudspeaker distortion 
under current-limited conditions. 


LS 


5 e 
=p ¢ 
21 | 
Z 11V bi 
Y. . ‘ 


Circuit action 


When the supply voltage is unsufficient, the voltage at pin 5, falls below the reference voltage 1.1 V, 
resulting in transistor (TR) being switched off, resulting in zero current flow in resistor R. This state 
enables the gain control system. Under these conditions, the shunt DC supply will switch at a rate 
determined by the time constant of the RC network on pin 7. 


This switching action accomodates normal speech characteristics under low supply conditions. 
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DESCRIPTION (continued) 
ANTI-ACOUSTIC FEEDBACK SYSTEM (ANTI-LARSEN SYSTEM) 


The purpose of this system is to control AGC action, in order to avoid acoustic feedback between the 
loudspeaker and the microphone, when used in a telephone set. 


LINE 


LARSEN EFFECT 


Principal of operation 


When examining, the spectral density of the voice area and the Larsen area, it may be seen that the 
dominant features of each exist in different frequency bands. 


MICRO 


FREQ. 


MAX VOICE LARSEN AREA 
DENSITY 


FILTER 


FREQ. 
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DESCRIPTION (continued) 


To extract the Larsen component, the microphone signal is first filtered by a second order filter 
(formed by two first order filters), then amplified and rectified in order to produce the AGC control 


signal. 
co 
r:) IAC 
i AGC 
C10 
10 iAC 
011 O12 0,4V 
Van R6 fl i RS an C7 
A= Y.-V.. = 


Vref 


The first filter is generated by the capacitors on pins 9 et 10; the second filter by the RC network on 
pin 11. 
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DESCRIPTION (continued) 


e Filter on pins 9-10: 


c9 + C10 


f2 =D Zim.C9.610 


e Filter on pin 11: 


1 


"l= 57h + R5) C5 
In R5 C5 


e Anti-Larsen system filter response. 


6\dB. OCTAVE 
i 


e Theoretical result. 
If f2 = f3 the anti-Larsen system filter is equi- 
valent to a second order filter. 


F2 =f3 
C9 _+C10 1 


2m Zin C9.C10 = 2mR5C5 
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DESCRIPTION (continued) 
A complete telephone set has two anti-Larsen systems: 


e one in the transmission circuit (for example: TEA7030) antisidetone network; 
e one in the loudspeaker amplifier (for example: TEA7031). 


Together these form a high efficiency anti-Larsen system. 


LINE 


TEA 7030 


ANTISIDETONE SYSTEM 
— 20 dB 


FILTER 


ST 
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DESCRIPTION (continued) 
MICROPROCESSOR CONTROL 
TEA7031 provides the following signals for an associated microprocessor: 


e halt and reset signal, 
e a regulated supply. 


The MCU shunt supply voltage is internally fixed at 3.2 V but can be adjusted via pin 15. 


14 MCU SUPPLY 


MCU SUPPLY 


MCU SUPPLY 


2kQN<a<8BkN. 


Note: Reset and Halt outputs, which are open collector outputs, require external resistors to zero volts. 
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DESCRIPTION (continued) 
SWITCHING CONVERTER 


Under ringing conditions the line supply available has a high voltage (= 22 V), low current (= 6 mA) 
characteristic. In order to be used by the I.C., this supply has to be converted to a low voltage (= 3.5 V) 
and higher current (15 — 20 mA), using a switching converter. 
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DESCRIPTION (continued) 


Transistor T1 is switched either ON/OFF via pin 1 in accordance with the result of a comparison 
between an internal reference voltage and the I.C. supply voltage (pin 2). When transistor T1 is off, 
the diode D2 provides a return current path for L1. 


Under speech conditions, the switching converter has to be isolated from the main supply VLS by D1, 
to prevent reverse current. 


| 
(BASE T1) 


Internal conditions during switching converter operation: 


e the internal zener diodes VLS, MCU supply are automatically disconnected, 
e the Earphone input is OFF and ringing input is ON. 


Note: For better converter efficiency, it is advisable to use schottky diodes for D1 and D2. 
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PIN FUNCTIONS 


PIN 1: SWITCHING CONVERTER DRIVE OUTPUT: 


Base drive output for the external PNP switching transistor in the switching converter. 
This switching transistor should have the following characteristics: 


VcEO > 30 V 
Ic > 200 mA 
Gmin > 100 
ft 2 1 MHz 


Suitable transistors: 
BC308 - BC559 - BCW93 - BC327 


PIN 2: SWITCHMODE POWER SUPPLY REGULATION INPUT: 
This input provides the voltage sensing feedback input to the switching converter. 


PIN 3: VZ1: REF. VOLTAGE TO SWITCHING CONVERTER COMPARATOR: 
With pin 4 open circuit, VZ1 is internally stabilized at 3.5 V. 


PIN 4: ADJUST VZ1: 
This pin is used to adjust the switching converter power supply reference voltage. 


V21 


R1=46 kQQ 


Ri + R2 
V2Zi =1.1x (“~R> ) 
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PIN FUNCTIONS (continued) 


PIN 5: ADJUST VLS: 
This pin is used to adjust the |.C. supply voltage. 


VEA 


R1 + R2 
VEA=1.1x ( 55 } 


PINS 6 - 16 - 23: GROUND: 
These pins have to be connected together. 


PIN 7: AUTOMATIC GAIN CONTROL FILTER: 
The anti-distortion system response is adjusted by the RC network on this pin. 


5uA 
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PIN FUNCTIONS (continued) 


The AGC will be switched ON when the level on pin 7 is greater than the reference voltage (0.4 V), the 
RC network charges (current source ON) or discharges (current source OFF) according to the supply 


voltage. oa 


e The value of R affects the system time 
constant and the charge/discharge 
duty cycle. 

e The value of C only affects the system 
time constant. 

R should be greater or equal than 
150 kQ for correct AGC operation. 


THEORICAL 
VOLTAGE 
ON PIN 7 


THEORICAL | 
VOLTAGE 
ON PIN 7 


5u AxR2 


5u AxR1 


04V — 


R1<R2 


3-127 


a a ie eae 
PIN FUNCTIONS (continued) 
Ex: 
fe=1.5kHz Zin=4kQ 


_ 1 
Fe= 27 Zin Céq 


4 : 
Cod 2zinxke ~ Inx4kxt ok = 26 nF 


C1 =C2= 52 nf. 


PIN 11: ANTI-LARSEN FILTER 1 


The second filter of the anti-Larsen system (1st fiter: pins 9-10) is formed by the RC network R5CS5. 
In order to obtain a second order filter for the anti-Larsen system, the cut-off frequency defined at this 
pin, should be the same as that chosen for the first filter. 


Vref O 
c5 


For correct TEA7031 operation R6 and R5 should be fixed at 10 kQ and 1 kf respectively. 


Ex: 
Fe = 1.5 kQ 
Cs ae Sa ey = M1OnF 
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PIN FUNCTIONS (continued) 


PIN 12: ANTI-LARSEN FILTER 2: | 

The gain and the response of the anti-Larsen system can be adjusted respectively by the resistor and 
the capacitor on this pin, according to the acoustic characteristics of the telephone set. 

The value of the resistor should not exceed 390 kQ. When the voltage on this pin exceeds the 
threshold voltage of 0.4 V, the AGC system is enable. 

PIN 13: EARPHONE INPUT 

Input for loudspeaker signal. This input is only active in transmission mode, but not in ringing mode; 
in ringing mode, input pin 19 should be used for amplification of ringing tones. 

PIN 14: MICROPROCESSOR SUPPLY VOLTAGE 


With pin 15, open circuit, MCU supply is internally stabilized at 3.3 V, and is available for micropro- 
cessor supply purposes. 


PIN 15: MCU SUPPLY ADJUST 
This pin is used to adjust the microprocessor supply voltage. 


MCU SUPPLY 


2KQN<a<sKQ 
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PIN FUNCTIONS (continued) 


PIN 17: MICROPROCESSOR RESET OUTPUT 
This output is an open collector output which delivers a reset signal for a microprocessor. 


MCU SUPPLY 


PIN 18: MICROPROCESSOR HALT OUTPUT 
This output is an open collector output with delivers a halt signal for a microprocessor. 


MCU SUPPLY 


PIN 19: SQUARE WAVE RINGING MELODY SIGNAL INPUT 


Input for loudspeaker signal. 

This input is only active in ringing mode (when supplied by the switching supply). In transmission 
mode (when supplied by the shunt DC supply), input 13 should be used. In ringing mode, it could be 
used, for example, to generate the microprocessor melody. 


Zin=1kQ 
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PIN FUNCTIONS (continued) 


For greater efficiency, the microprocessor square wave signal js differentiated; the input signal is 
adjusted byt the resistor R. 


OUTPUT 


PIN 19 


PINS 20-22: LOUDSPEAKER OUTPUTS 


Outputs to be connected to a 50 N impedance loudspeaker. 
Output voltage: Vpp = 2 VLS —2.5 volts (with a gain of 32 dB). 
Maximum current: depending of the supply voltage. 


PIN 21: Vref: INTERNAL REFERENCE 


Output which provides an internally regulated reference voltage. 
Vref = 1.1 V typical. 
MAXIMUM AVAILABLE CURRENT: 5 pA. 
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PIN FUNCTIONS (continued) 
PINS 24-25: GAIN ADJUSTMENT INPUTS 


These pins are used to adjust the loudspeaker amplifier gain. Four steps of 6 dB/step are available 
(pin open circuit = high level). | 


GAIN ADJUSTMENT INPUTS 


PIN 26: LOUDSPEAKER MUTING 


{sua 


2KQ 


_ This pinis used to mute the loudspeaker. Pin open-circuit = high level = loudspeaker muted. Pin low 
level = loudspeaker enabled. 
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PIN FUNCTIONS (continued) 


PIN 27: RING SIGNAL INDICATION 


This open collector output provides ready status when in ringing condition. 

DS is ON (low-level) when the switching converter is established in the running state and when the 
microprocessor supplies are stabilized. The DS signal is validated by “Halt”. 

It may be used to cause an associated microprocessor to generate the ringing tones. 


PIN 28: RECTIFIED RING SIGNAL INPUT 


High voltage input for the switching converter. 
Maximum voltage: 22 V. 
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SUPPLY CONSIDERATIONS 


SWITCHING SUPPLY LAY-OUT 


To avoid switching-noise, C2, C3, D2 should be tied together as close as possible. 


D1 L1 


PIN 2 
PIN 1 


PIN 28 
MINIMUM AREA 


STAR GROUND 


TEA7031 SUPPLY 
As the I.C. has a zener characteristic, it should be supplied by a current source. 


Constant voltage supply: 
The TEA7031 can be supplied by an external constant voltage on condition: 


e To set the zener voltages at a level higher than the supply voltage. 
e To tie the automatic gain control pin (pin 7) 
to the ground (otherwise the I.C. will always be in AGC mode). 


Note: The maximum loudspeaker level is depending of the supply voltage. 


3-135 


TYPICAL APPLICATION 
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TYPICAL APPLICATION (continued) 


RESISTORS: 

R1 :22kQ R2 : 

R3 : R4 -470kQ 

R5 :1kQ R6 :10kQ 

R7 :330kQ R8 -1kQ/1W 

RQ :(5 kM) R10: 100 kQ 
R11: R12: 100 kQ 

R13: 100 kQ R14: 47 kA 
CAPACITORS: 

C1 :22 pF C2 - 220 pF/10 V 
C3 :10 uF/35 V C4 :10yuF/10 V 
C5 : 68 nF C6 :220nF — 
C7 : 470 nF C8 :1 pF/250 V 
C9 :33 nF C10: 33 nF 

C11: 33 wF/10 V C12: 22 uF 

C13: 33 yF/10 V C14: 1.5 nF 
DIODES: 

D1: BAT43 D2: BAT43 

D3: BAT43 | D4: 1N4004 

D5: 1N4004 D6: 1N4748-BZX 85C (22 V) 


D7: 1N4748-BZX 85C (22 V) 


INDUCTOR: 
L1: 470 wH - 680 wH 


TRANSISTOR: 
T1: BCW93 - BCW92 
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TYPICAL APPLICATION (continued) 
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TYPICAL APPLICATION (continued) 


ROS 
ON/OFF 


GAIN ADJ 2 


GAIN ADJ 1 


@® TEA7031 
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TYPICAL APPLICATION (continued) 


Component side 


JEA VLS Ri De=RDS 
Izmp Vicu  Pgli=G.adj2 ee. beige | 
Pgl O=G.adj 1 | 
Copper side 
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CHAPTER 4 - LINEAR ICs FOR TELECOM 


A MASK PROGRAMMABLE FILTERS (M.P.F) FAMILY 
AND ITS “FILCAD’’ SOFTWARE PACKAGE 


A CMOS M.P.F CHIP FAMILY WITH A “CAD PACKAGE” CAPABLE OF TRANSFORM ANY 
FILTER SPECIFICATION INTO INTEGRATED CIRCUIT ON A SHORT LEAD TIME (4 or 8 weeks 
depending on filter specifications). 


Three M.P.F bases and a complete software package adapted to Switched Capacitor Filter 
(S.C.F) oo have been developed by THOMSON SEMICONDUCTEURS to solve your filter- 
ing problems: 


TSG8704 base: 


e S.C.F order between 2 and 4. 
e 1 optional internal clock oscillator. 
e Optional external driving of output sample and hold. 
e 1 uncommitted operational amplifier. 
e 2 package versions: 
8 pins: filter only. 
14 pins: filter + 1 op. amp. + oscillator. 


TSG8508 base: 
e S.C.F order between 4 and 8. 
e 2 uncommitted operational amplifiers. 
e 2 package versions: 
8 pins: filter only. 
16 pins: filter + 2 op. amplifiers. 


TSG8612 base: 


e S.C.F order between 8 and 12. 
e 2 filters possibilities on the same chip (2 order < 12). 
e 2 clock inputs. 
e Optional external driving of output sample and hold. 
e 2 uncommitted operational amplifiers. 
e 5 package versions: 
16 pins: 1 filter. 
16 pins: 1 filter + driving of output S/H. 
18 pins: 2 filters. 
20 pins: 2 filters + 2 clock inputs. 
20 pins: 2 filters + 2 clock inputs + driving of output S/H. 


These three bases are available both for standard and semi custom products. 
Customers have the possibility of design themselves their M.P.F thanks to the FILCAD 
software package and proper training from THOMSON SEMICONDUCTEURS. 


FILCAD: 
A software package developed by THOMSON SEMICONDUCTEURS for the Mask Program- 
mable Switched Capacitor Filter-family: 

TSG8704 - TSG8508 - TSG8612 
FILCAD input is the filter template. Then, synthesis, simulations and routing programs are 
linked in order to finally generate the GDS2 layout file for realization of the personalization 
mask. 
FILCAD is available in THOMSON SEMICONDUCTEURS Design Centers and some of its 
Associated Design Centers. 


TSG8704 TSG8508 TSG8612 


By using the three M.P.F bases and CAD tools, THOMSON SEMICONDUCTEURS is proposing 
a complete filter family which includes standard filters and semi custom filters. 


MPF FAMILY 


2 to 4th order 4 to 8th order 8 to 12th order 
(one filter) (one filter) (one filter 
| or two filters 
with 2 order < 12) 


TSG8704 TSG8508 TSG8612 


STANDARD FILTERS SEMI CUSTOM FILTERS 
Low-pass: TSGFO4 / Customer identification 
TSG8510: 5th order CAUER (PCM) TSGFO8 / Customer identification 
TSG8511: 7th order CAUER (50 dB) os 
TSG8512: 7th order CAUER (75 dB) TSGF12 / Customer identification 


TSG8513: 8th order CHEBYCHEV 
TSG8514: 8th order BUTTERWORTH 


High-pass: 
TSG8530: 3rd order CAUER 
TSG8531: 6th order CAUER 
TSG8532: 6th order CHEBYCHEV 
Notch: 
TSG8540: 6th order (OQ = 7) 
Band-pass: 


TSG8550: 6th order CAUER (OQ = 7) 
TSG8551: 8th order (OQ = 35) 


Voice-grade dual filter for telephone line 
interface: 


TSG8670: 4th order low-pass 
8th order band-pass 


For every M.P.F, the cutoff frequency (or center frequency for band-pass and notch) is clock 
programmable: frequency response is shiftable simply by clock tuning. 
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FILCAD 


FILCAD is a software package developed by THOMSON SEMICONDUCTEURS available for its 
Switched Capacitor Filter designs: M.P.F, but also Full Custom or Semi Custom Circuits 
containing such Filter cells. 


Evaluation 
Theorical 
synthesis 


synthesis 
schematics 


nT 


GENERAL 
PURPOSE 


leapfrog structure 


Full Custom 


ESS OTE eee i le 


S.C.F simulations 
e Dynamic scaling 


| SIRENA e Normalization of 
capacitors 
adapted to M.P.F 

MONTE CARLO analysis 


SCHEMATIC 
CAPTURE 


SPECIFIC 
LAYOUT 
CAD TOOLS 
for 
M.P.F 


FACTOR 


PG tape Automatic 
of specialization mask layout draft 
(GDS2 standard) 
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TSG85XxX: Standard filters 
TSGFO8/Customer ident.: Semi Custom Filters 


SWITCHED CAPACITOR MASK 
PROGRAMMABLE FILTER 


The TSG85XxX circuits are HCMOS universal filters containing a mask 
programmable switched-capacitor cascadable structure and two uncom- 
mitted general purpose operational amplifiers. _ 


The specifications of the internal filter are obtained during the last step of 
chip realization. The specialization method (Patented) used by THOMSON 
SEMICONDUCTEURS is close to the one used for gate array integrated 
circuits. . 3 

For semi custom filters, the SCF specialization is implemented 
either by THOMSON SEMICONDUCTEURS designers in accor- 
dance with the user template either by the customer himself 
thanks to the FILCAD package. 

Most filters can be realized. Samples are available 4 to 8 weeks 
after the filter template definition. 

This technique has also been used to define THOMSON SEMICONDUC- 
TEURS family of general purpose filters. 

Based on the switched-capacitor structure, these circuits exhibit all the 
advantages of this technique, namely precise template, high temperature 
and long-range stability, almost no external component, no adjustment, 
low consumption, high density, easy customization, low cost and high 
security of use. . 
e Available order: 4 to 8 (any type). 

e Input signal frequency range: 0 to 30 kHz. 

e S/N ratio (depends on the internal structure): 60 to 85 dB. 

e Clock tunable cutoff frequency | 


e Power supply requirements: +5 V or 0-10 V. | 
@ Power consumption: adjustable from 0.5 mW to 20 mW per order. 
AVAILABLE PRODUCTS: 


e Standard * 
Low pass: High pass: 
TSG8510: Sth order Cauer (PCM) #1TSG8530: 3rd order Cauer 
TSG8511: 7th order Cauer (60 dB) TSG8531: 6th order Cauer 


TSG8512: 7th order Cauer (75 dB) 
TSG8513: 8th order Chebychev 
TSG8514: 8th order Butterworth 


TSG8532: 6th Chebychev 
Bandpass: 
TSG8560: 6th order Cauer 


Notch: TSG8551; 8th order (Q = 35) 
TSG8540: 6th order (OQ = 7). 

e Semi Custom | 
TSGFO8/Customer identification. 

TYPICAL APPLICATIONS: 


e Telecommunications. 

e Robotic. . 

e Sonar detection. 

e Data acquisition (before A/D and after D/A conversions). 

e Speech processing. 

e, Audio processing. 

e Instrumentation (portable, medical....). 

@ Spectrum analysis (noise, speech) 

® Industrial applications (process control....). 

® All low frequency classical applications where low power and small 
sizes are researched. 

* The standard circuits TSG8512, TSG8532 and TSG8540 are respec- 
tively equivalent to R5609, R5611 and R5612 (Reticon). 
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LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 
(Order: up to eight) 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


’ b 
8 


1 


CASE CB-98 


Ceramic package (C suffix) 
and Cerdip package (J suffix) 
are also available 


PIN ASSIGNMENT 


: FILTER ONLY 


16 pins: FILTER+2 OP-AMPs 


Ref. 05150-R1 


TSG85XX 


BLOCK DIAGRAM 


Power adjust 
for filter 


8 th order Output 
filter —_ buffer 
- 02 ¢1f foi o2f fo2 93 


Clock generator 


Prog. clock divider 


evel shi 
and TTL 
interface 


PIN DESCRIPTION (8 pin package) 
(minimal version : filter only) 


pt Positive supply 


Filter output DC level adjustment when connecting 
& potentiometer between Vt and V- with its middle point 
to LVL. When no adjustment is needed LVL pin is 


connected to GND. 
General ground 


a 


Filter power Filter power consumption can be choosen by connecting 
adjustement a resistor between PWF and GND (or V+). Stand by mode 
i dead by connecting PWF to V- (or non connec- 
ted). 


TSG85XX 


PIN DESCRIPTION (16 pin package) 
(extended version : filter + 2 op Amps) 


Positive supply 


at 
-|t 


- 


Negative supply 


Filter output DC level adjustment when connecting 

a potentiometer between V+ and V- with its middle point 
to LVL. When no adjustment is needed, LVL pin is 
connected to GND. 


a 
i 


Filter power consumption can be choosen by connecting 
a resistor between PWF and GND (or V+). Stand by mode 
is obtained by connecting PWF to V- (or non connected) 


Op Amp power adjustment idem PWF but for Op Amp (PWA) 
Inverting input 
OpAmpB — 


- Non inverting input 
Op Amp 8 
Non inverting input 
Op Amp A 


aD wee | 


level adjustment 


ro) | 


m m 
o 

fe) 

c 

3 

5 

(e) 

5) 

o 
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TSG85XX 


FUNCTIONAL DESCRIPTION 


The filtering unit is formed by eight connectable 
switched capacitor integrators. 

Each integrator can be specialized with capacitor fields 
and switching cells. 

The interconnections between each integrator and the 
realization of the desired capacitors are achieved during 
the last step of the process to form the filter. 

For this operation, the aluminium interconnection mask 
is used (like in gate-arrays structures). 


The clock generator delivers the different phases 
needed for the internal switching. The internal clock is 
performed through an internal mask programmable 
divider which adapts if required the external clock (given 
from a cristal oscillator for example) to obtain the filter 
clock. As the clock input is TTL compatible, level shifts 
are used inside the chip to obtain the correct voltage 
swings. 


The output sample and hold buffer is connected to the 
filter output and so allows a low impedance signal deliv- 
ery. 


MAXIMUM RATINGS 


The output DC level adjustment is also possible with an 
external voltage source (obtained for example through a 
resistor divider). 


Two uncommitted general purpose operational amplifi- — 
ers are also available. 

They can be used by the customer to implement other 
analog functions (for example gain, pre or post filter- 
ing...). 


Power adjustment is possible for the filter unit and for 
the two free op. amps. This facility is performed with a 
resistor connected between the V* supply (or ground) 
and the power adjustment pins. So the consumption of 
the structure can be chosen to adapt it to the applica- 
tion. The stand-by mode can be obtained by connecting 
the corresponding pins to the V’ supply (or non 
connected). 


[Symbol_[ value 


Voltage to any pin (exept for ground) Vv V- - 0.3 to Vv 
v++0.3 


OC current per pin(except for supplies) {| lo | 160 | mA | 


Temperature 
Operating t° range Toper |.60to +130 
Storage t’ range T stg - 60 to + 150 


TSG85XX 


ELECTRICAL CHARACTERISTICS FOR FILTERONLY T= 25 


Rout 
lates 


NB) With single supply (0 - 10 V) : same specifications 
With single supply (0 - 5 V) : specifications can be asked to Thomson Semiconducteurs commercial office 


ELECTRICAL CHARACTERISTICS FOR OP. AMP. 
=+5V V=-5V T=25°C RL =2KQ Ipwa=100HA | 


DC open loop gain 75 
(without load) 75 
5 


dB (min) 
dB (min) 


Tested 
limits 
60 
60 
Gain-band with product (without load) Le 
input offeet voltage (without on) 


G 

G- 

Vv. 
Input bias current (without load) 
Supply rejection (without load) 
Common mode rejection Vojy = 1 V (without load) . | cMR 
Output short circuit current (without load) — 


V/uS 
V/uS 


33 


<< 

<< 

<= 
2.6 
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GAIN BANDWITOTH PRODUCT (MHz) 


SUPPLY CURRENT (mA) 


lo (mA) 


TSG85XX 


* USER'S GUIDE OF Ipwa AND Row, FOR OPERATIONAL AMPLIFIER * 


* USER’S GUIDE OF Ic FOR OPERATIONAL AMPLIFIER * 


lowa (HA) 
> Powa (kQ) 
Connected to GND 


4-10 


TSG85XX 


SWITCHED CAPACITOR FILTER 
GENERALITIES 


BASIC PRINCIPLE 


These are active filters in which resistors are replaced 
by capacitors which are switched with a frequency, 
named sampling frequency (Fs), as follows: 


SI $2 
v1 | . v2 
é 6 . 
] 
C1 


} 


The two switches (S; and Se) are controlled by two 
complementary and non overlapping clock phases. 


During the phase 2 = 1 (S; on, Se off), the charge stored 
in C; is: 

Q:=C:V; (1) 
During the phase 2 = 1 (S; off, S2 on), the charge stored 
in C2 becomes: 

Q2=C; V2 (2) 


During a complete clock period Ts = i = 2+, 
the transferred charge is: 

AQ = Q; — Qe = Ci (V; — V2) (3) 
During a period-Ts, this charge flow is equivalent to a 
current |, such as: 

AQ=Ci (Vi — Va)=1.Ts (4) 
Ci (Vi — Va) 


ic (5) 


andso: 1=C,; Fg (Vs — V2) = 


Comparing (5) with Ohm law applied to a resistance: 
a Vi ==, V2 


| R (6) 
The equivalent resistor is: 
R= Req = 7S. (7) 
Then, with (7), a RC product becomes: 
Reg.C = mc Ts (8) 
C; 


WHY THIS TECHNIQUE CAN BE USED TO 
REPLACE CLASSICAL ACTIVE FILTERS? 


in active filters, the time constants are fixed by RC pro- 
ducts. But the component values R and C used are 
absolutely uncorrelated, so trimmings are often needed 
to obtain an accurate template. 


On the other hand, in switched capacitor networks, only 
capacitor ratios are used. These ratios are obtained with 
capacitors integrated on the same chip. The available 
accuracy is 0.1% to 0.5% whatever the temperature 
conditions may be. | 

As the time constants are fixed by capacitor ratios, fully 
integrated filters are achievable without trimming. In 
addition, as shown in (8), the time constant RC is propor- 
tional to the sampling period Tg. Another important 
property of switched capacitor filters is that cut-off fre- 
quency can be shifted by shifting the sampling clock 
without any change on the shape of response curves. 
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TSG85XX 


SWITCHED CAPACITOR ACTIVE FILTER 
FEATURES 


The main features are summarized in the following : 
table: 


e Monolithic filter 

e Every time constant defined by : 
— Capacitor ratios 
— clock frequency 


e Fully integrated filters with CMOS technology 


e Switched capacitor networks are sampled and hold systems 


e Board size reduction 

e Precise template. 

e Stability in temperature and time 
e High order filter achievable 

e No adjustment 


e Template transposable by tuning the clock 


e Low power 
e Ease and safety of use 
e No external component 


e Antialiasing pre-filtering is needed if the input signal 

is wide band (See Application note) , 
e Smoothing post-fiitering may be used to avoid spectral 
rays around the sampling frequency (See Application note) 


HOW TO CHOOSE HIS TYPE OF FILTER? 


Anumber of nomographs, tables and curves provide, for 
each type of function and according to its order, the 
amplitude response curves, the phase response curves, 


Kind of filter 
Kind of 
performance 


Cut-off, abruptness: 
for a given order 


Regularity of the 
“amplitude - frequency” 
curve 


Regularity of the 
group Delay 


Sensitivity 


ooo : Very mediocre 
co ; Mediocre 
° ; Medium 


*#* - Excelient 
** : Very good 
* : Good 


We will keep in mind the following: 


e@ the BUTTERWORTH filters are interesting because of 
the regularity of their passband (no ripple) but their 
cut-off is not very abrupt, 

e the LEGENDRE filters associate a convenient regu- 
larity of the amplitude response curve with a cut-off 
abruptness and a transient behaviour that are of 
good quality, 
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the group delay curves, and also the pulse and step 
responses. All these characteristics, and a few others, 
are summarized in the following table: 


Ripple within the 
passband/regular 
within the notch 


Ripple within the 
-passband and the 


e the CHEBYCHEV filters present, at least within the 
first octave, an abrupt cut-off, but their transient 
behaviour is not performing, 

e the BESSEL filters present a very good transient 
behaviour (constant group delay in passband), but 
their cut-off is not very abrupt, 

@ the CAUER filters allow an extremely abrupt cut-off 
to be obtained, but their group delay regularity is 
mediocre. They present transmission zeros. 


TSG85XX 
a ce ae NNO em a i I Ce ca iE Ah STE RGI es T TOIS RG ILS TRG AER i BE SR IEEE TG I ee 2 ine eee TA a 


CUT-OFF FREQUENCY DEFINITION 


G (d8) 


As 
F (Hz) 
0 1 F,/F 
FIGURE 1 — DESIGN SPECIFICATIONS 
The cut-off frequency Fc is the passband limit frequency passband: Ap is 3dB for Butterworth, Besse! and 
as defined on the design specifications above men- Legendre filters (figure 2a), and is called passband rip- 
tioned. ple for Chebychev (figure 2b) and Cauer filters 


The maximum value of the attenuation variation in the (figure 2c) 


Go $0 60 eA 
As As * 


Fe Fs Fe Fs Fe Fs 
FIGURE 2s FIGURE 2b FIGURE 2c 
The passband ripple is design dependant and between The parameter Gp called passband gain is the maximum 
0.05 dB and 0.2 dB with TSG85XX standard filters. value of the gain in the passband, and may have low 
variation from part to part: 
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TSG85XX 


Example: 

TSG8510 with Fe = 256 kHz — Fc =3.4 kHz 
Gp min = - 0.3 dB 

G, max = 0 dB 

Ap = 0.05 dB 


Go =0 dB 0 dB 
: _| Ap =0.05 aB 
Gg =— 03 
F. =3.4 kHz 
FILTER No. 1 FILTER No. 2 

This two cases show that the two filters TSG8510 (No. 1 - 0.35 dB for filter No.2 
ied ites Een eteerenenteaey Meee etea The passband ripple remains constant, only the fre- 
- 0.05 dB . filter No 1 quency response curve is shifted with Gp variation. 
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TYPICAL APPLICATION 


Typical use of the M.P.F. (Figure 3) 


The M.P.F is fed in dual supply: +5 V. 

The adjustment of the DC output level of the M.P.F is 
achieved by an external voltage source (for example, a 
bridge divider connected between the positive and the 
negative power supplies and whose the middle point is 
connected to the LVL pin of the M.P.F). If no output DC 
adjustment is required, the LVL pin can be directly con- 
nected to GND. | 

The consumption of the filter can be also adjusted by 
means of an external resistance connected between V+ 
(or GND) and the PWF pin of the circuit. 

The consumption can thus be chosen to match the par- 
ticular application. 


The stand- -by mode is obtained By strapping the PWE pin 
to V (or non connected). 

The adjustment of the power consumption of the two 
operational amplifiers can be achieved exactly like for 
the previous case, but via the PWA pin of the circuit. The 
stand-by mode is also obtained by strapping the PWA 
pin to V (or non connected). 

The clock levels are TTL, but CMOS levels are accepted. 
With these previous conditions, the output linear 
dynamic range of the M.P.F is about 8 V, between 
— 4.5 V and +3.5 V. 


A capacitor Cpwe can be added in parallel with 
Rpwe in order to improve the clock feedthrough 
rejection: (Typical value Cpyyp = 33 pF).. 


GND OR vt 


= 20 kQ2 (muititurn) 
10 kQ < Rpwe. Rop <75 kn 


FIGURE 3 


* Ifthe OP AMPS are not used, Rop must not be con- 
nected between PWA and GND. 
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TSG85XX 


Use of the M.P.F. with 0-10 V (Figure 4) ~The high level of the clock must be at least 1.4 V upper 


. the GND level. 

The M.P.F Is fed in single supply: 0-10 V. With these previous conditions, the output linear 
In this case, Vis the reference ground of the circuit and d ' of the MPF is about 8 V 06 
GND must be adjusted to +5 V by means of the potenti- aa ange of the M.P.F is about 8 V between 0. 
ometer P; (V+ — V7)/2). | an a 
The adjustments of the DC output level of the M.P.F, of 
the power consumptions of the filter and of the opera- 
tional amplifiers can be achieved exactly like previously. 


Py =20 k&2 (multiturn) 


10 kQ < Rewe, Rop <75 kN 


FIGURE 4 
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TSG85XX 


Use of the M.P.F. with 0-5 V (Figure 5) viously except for bias resistances of the filter and of the 
The M.P-F is fed in single supply: 0-5 V operational amplifiers (Rf and Rop), whose must be 


‘ os fos exclusively to V*. 
In this case, V is the reference ground of the circuit and ' : 
GND must be adjusted to + 2.5 V by means of the The clock levels must be TTL levels. With these previous 


: ; _ conditions, the output linear dynamic range of the M.P.F 
Sepals By : ; is about 2.2 V, between 1.2 and 3.4 V. 
The other adjustments are achieved exactly like pre- 


Py = 20 kS2 (multiturn) 
10 kK < Rewer. Rop <75 kA 


FIGURE 5 
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2 TS I SD 


Anti-aliasing and smoothing (Figure 6) 


e Anti-aliasing: The switched capacitor filters are Thus, all spectrum components of the signal con- 
sampled systems and must verify the SHANNON tained around these frequencies are transmited by 
condition imposing a sampling frequency (Fs) equal, the M.P.F., oppositively to the desired result. — 
at least, to the double of the upper frequency (Fc) To cancel the effects of this phenomenon, it is 
contained in the spectrum to transmit. With this required, before all sampled system, to filter all the 
condition, no information is added or lost on the spectrum components of the input signal upper than 
transmitted signal. This theorem describes the Fs — Fc. An analog filter, called “anti-aliasing filter”, 
well-known phenomenon called spectrum aliasing must be therefore applied before the M.P.F. 


shown figure 6, where the entire spectrum to 
transmit appears around Fs, 2Fs, 3Fs,... and so on. 


ann ANTI-ALIASING WITHOUT ANTI-ALIASING FILTER, 
FILTER TEMPLATE THE SPECTRUM COMPONENTS AROUND Fs. 2Fs, re 
ARE NOT STOPPED BY THE SAMPLED FILTER 


SPECTRUM 
TO 
TRANSMIT 


ALIASING OF THE SPECTRUM 
TO TRANSMIT AROUND F 


ALIASING OF THE SPECTRUM 
TO TRANSMIT AROUND 2 Fs 


S 


Fe Fo-Fo Fo FotF, 2Fg—Fe 2F. 2Fo + Fo 
FIGURE 6 
Phenomenon of the spectrum aliasing 
. Without anti-aliasing filter : Spectrum to transmit # transmitted spectrum 
. With anti-aliasing filter : Spectrum to transmit = transmitted spectrum 
The selectivity of this filter depends upon the Fs/Fc relationships are described (figure 7). In these relation- 
ratio. ships, Fc is the cut-off frequency desired of the anti- 
If Fs/Fc > 200 a RC filter (first order low-pass) is aliasing filter and & its damping coefficient. For a cut- 
sufficient. off as tight as possible and without overvoltage around 
If Fs/Fe < 200, a SALLEN-KEY structure (second it, # must have a value around 0.7. 


order low-pass) must be used. This structure and its 
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C2 
R1 R2 
a | 
“I ” 
a 
R1 = R2 = arbitrary value 277R1 Fe 


Fc = cut-off frequency for the antialiasing filter. 


An optimal choice is Fc = 1.2 x cut-off frequency of (c1 = ¢2 C2) 
the main filter 


E = damping coefficient; the optimal value is 0.7 


c2= 
27& R1 Fe 


FIGURE 7 


SALLEN-KEY structure (second order low-pass Filter) for 
anti-aliasing and smoothing. 


N.B) If Fs/Fe < 2 (figure'8), the spectrum to transmit ~ becomes impossible to share the useful signals from the 
and the spectrum aliased have a part in common and it undesirable signals. | 
GAIN 


ie | 


ALIASING OF THE 
SPECTRUM AROUND F 


l 

| 
S 

l 

l 

l 

I 


FREQ 


FIGURE 8 


When Fs/Fc < 2, the spectrum components included between 
Fs-Fc and Fc and which are due to spectrum aliasing are not 
stopped by the sampled filter 


4-19 


TSG85XX 


ne 


DUCTEURS has designed, on the even chip of the 


e Smoothing: As the signal obtained at the output of 


the M.P.F is a sampled and hold signal, it is often 
required to smooth it. This smoothing filter can be 
achieved from the SALLEN-KEY structure previously 
described (figure 7). 


Hardware implementation: In order to make easier 


M.P.F, two general purpose operational amplifiers. A 
few external components are therefore sufficient to 
achieve these functions (figure 9). 

On the other hand, in the most of M.P.F’s, a special 
integrated cell is included in the chip (cosine filter) to 


anti-aliasing and smoothing, THOMSON SEMICON- reduce the aliasing effects around Fs. 


OUT 


GND OR V GNO OR V 


P, =20 kQ (multiturn) 


<75 kN 


10 kQ < Rewer: Rop < 


R1,R2,C1,C2 See anti-aliasing 


R‘1, R’2, C’1, C’2 and smoothing considerations 


FIGURE 9 


M.P.F with anti-aliasing and smoothing filters 
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Nonetheless, if the application allows it, these two anti-aliasing or smoothing filter. This structure is the 
operational amplifiers can be used to implement other same as the SALLEN-KEY structure described figure 7 
functions (gain, comparator, oscillator....). (second order low-pass), in the same way as the corres- 
In this case, the circuit shown figure 10 can be used as ponding relationships. 


FIGURE 10 


Second order low-pass Filter (SALLEN-KEY STRUCTURE) 
with a transistor replacing the operational amplifier. — 
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PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 


CASE CB-98 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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M.P.F STANDARD PRODUCT 


Those MPF standard products are HCMOS universal filter con- 
taining a mask programmable switched capcitor cascadable 
structure, and two uncommitted general purpose operational 
amplifiers. Every filter is obtained by TSG8508 base specializa- 
tion; for pin description and free operational amplifier specifica- 
tions, see TSG85XX general characteristics. 


Here is the description of this family: 


sae : ol Koon cs 


TSG8532 
TSG8540* 


* Preliminary 


Note: Except for TSG8551 (Go = 30 dB) 
Go = 0 GB for all M.P.F. 


BLOCK DIAGRAM 


PWE 


8 3 
for filter 
8 th order i Output 
possibility 6 | 
filter gt buffer 
Ce orf fot 2] fo2  o3f | 


Clock generator 


Prog. clock divider 


Level shi 
and TTL 
interface 


LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR | 
MASK PROGRAMMABLE FILTER 
(STANDARD FILTER) 


CASE CB-79 


6 


P SUFFIX 
CASE CB-98 PLASTIC PACKAGE 


Ceramic package (C suffix) 
and Cerdip package (J suffix) 
are also available 


PIN ASSIGNMENTS 


16 pins: FILTER + 2 OP-AMPs 


TSG85XX 
are SR 


NOTES 
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SWITCHED CAPACITOR MASK 
PROGRAMMABLE FILTER 


The TSG8510 is a HCMOS lowpass elliptic filter. 


e@ CAUER type. 

e 5th order. 

e@ Stopband attenuation: 33 dB (typ). 

e Passband ripple: 0.05 dB (typ). 

e Clock to cut-off freq. ratio: 75.3. 

e Clock frequency range: 1 to 1500 kHz. 

e@ Cut-off frequency range: 13 Hz to 20 kHz. 


Ordering information: 


e Plastic 16 pins package: TSG8510xP. 
e Ceramic 16 pins package: TSG8510XC. 
e Cerdip 16 pins package: TSG8510XJ. 
@ Plastic 8 pins package: TSG85101XP. 


X: Temperature range =C: O°C,+ 70°C 
| :-25°C, + 85°C 
V : -40°C, + 85°C 
M: -55°C, + 125°C 


Note: For general characteristics, see TSG85XX specifications. 
For non standard quality level, consult THOMSON SEMI- 
CONDUCTEURS general ordering information. 


AMPLITUDE RESPONSE CURVE 


AMPLITUDE (dB) 


NORMALIZED FREQUENCY 
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LINEAR 
HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


CASE CB-79 


16 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


Ceramic package (C suffix) 
and Cerdip package (J suffix) 
are also available 


PIN ASSIGNMENT 


16 pins: FILTER + 2 OP-AMPs 


Ref. 05080-R1 


TSG8510 


FILTER SPECIFICATIONS 
Lowpass filter: TSG8510; Type: Cauer; Order: 5. | . 
vt=5V, V-=-5V, T=25°C, RL=5kOhm, CL= 100 pF, Ipwe= 100A 


External clock frequency 
Internal sampling frequency 


Clock to cutoff fr. ratio Fe/Fc 


Cutoff frequency 
Passband gain dB (min) 
dB (max) 


Passband ripple | 0.4 | dB (max) Fe = 256 kHz 
T"Stopband tonuaton id As «YS Fon256 ie, F137 Fe 


Conditions 


Output DC offset voltage + 200 mV (max) LVL = 0 Volt 
‘DC level austen uv A 
i LG 


PWF resistance kOhm (min) | 
kOhm (max) 
pL A (min) 
pL A (max) 


Input current on PWF | ewe 


a ee 
a cd 
aa 


Fe = 100 kHz 
ipwa=OHA 
Panne ee ee ee 

V- supply rejection ratio ee ; Fin = 1 kHz 
Tinputresistence Tw] 8 || MOT 
Tinputcapecitence Sit STOTT 
Locales NN I 2 Ma 
[Outputnoise | mT || ms | BW = 34H 

Signal to noise ratio 87 Vin = 2 Vrms 


(*) At maximum Fe: - stopband attenuation As > 32 dB for F > 1.37 Fe 
(with Ipwf = 250 py A) - passband ripple : Ap = 0.8 dB 
- passband gain: Go = - 0.4 dB 


NORMALIZED GROUP DELAY (SEC. Hz) 


PHASE (deg.) 


NORMALIZED GROUP DELAY 


EXTERNAL CLOCK FREQUENCY 


(GROUP DELAY 


TSG8510 


PHASE RESPONSE CURVE (IN PASSBAND) 


+180 


+90 


— 180 


NORMALIZED FREQUENCY 


GROUP DELAY CURVE (IN PASSBAND) 


8 


75 


0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1 
NORMALIZED FREQUENCY 


4-27 


TSG8510 


OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 


Vout (mV) 


2000 


1500 


1000 


° 


— 500 
— 1000 
— 1500 
— 2000 
_ USER’S GUIDE FOR IPWF 
revere AND Rpwr CHOICE 
1500 
1000 
500 
200 
100 
- ZONE OF ; 
CORRECT FUNCTIONING 
20 


72 35 20 14 10 Connected to GND 
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TSG8510 


PHYSICAL DIMENSIONS 


CASE CB-79 


ae 
ges 


see 
hint 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


. 
uv 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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TSG8510 


NOTES 


TSG8511 


SWITCHED CAPACITOR 


MASK PROGRAMMABLE FILTER | LINEAR HCMOS1 


The TSG8511 is a HCMOS lowpass elliptic filter. M.P. F 


CAUER type. | SWITCHED CAPACITOR 


7th order. 
Siosband attenuation bb da live) MASK PROGRAMMABLE FILTER 


Passband ripple: 0.1 dB (typ). 

Clock to cut-off freq. ratio: 75.3. 

Clock frequency range: 1 to 1300 kHz. CASE CB-79 
e Cut-off frequency range: 13 Hz to 17.3 kHz. 


Ordering informations: 


e Plastic 16 pins package: TSG8511XP. 

@ Ceramic 16 pins package: TSG8511XC. " 

e Cerdip 16 pins package: TSG8511XJ. P SUFFIX 

e Plastic 8 pins package: TSG85111XP. 7 CASE CB-98 PLASTIC PACKAGE 


X: Temperature range =C: O°C,+ 70°C | : 
1 :-25°C, + 85°C ey _ 
V : -40°C, + 85°C su 


1 
M: -55°C, + 125°C Ceramic package (C suffix) 
Note: For general characteristics, see TSG85XX specifications. and Cerdip package (J suffix) 
For non standard quality level, consult THOMSON SEMI- are also available 
CONDUCTEURS general ordering information. 


PIN ASSIGNMENT 


AMPLITUDE RESPONSE CURVE 


AMPLITUDE (dB) 


NORMALIZED FREQUENCY 


16 pins: FILTER + 2 OP. AMPs 
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Ref. 05170-R1 


TSG8511 


FILTER SPECIFICATIONS 
Lowpass filter: TSG8511; Type: Cauer; Order: 7. 
Vt+=5V, V-=-5V, T=25°C, RL=5k Ohm, CL=100 pF, Ipwf=100uA 


== Te et = 
Internal sampling freq. 0.5 
650 (*) 


‘| Cutoff one 0.013 
. 47.3 (*) 
Passband gain dB (min) 
dB (max) 


| Passbandripple =i i TPassbandrippleSSSSS*d ; Ot. | Oe | dB (max) Fe = 256 kHz 


‘| Stopband attenuation Fe = 256 kHz 
F>1.3 Fc; 


Output De offet vate [ver [seo [5500 | av em [te on 
DC lve adjustment Se A eR <a NS 
[evetgeig as 


PWF resistance 10 ae Ohm (min) 
72 K ohm (max) 
Input current on PWF HA (min) 
LA (max) 


[ve soppiveuret—SS«E SS BY 8 matman) (| ~—*Fe = 100 
ca a a ae eC 
a 

i OA,” RS EC 
a PN 


4.5 


a 


Fe = 256 kHz 
Signal to noise ratio 


Vin = 2 Vrms 
(*) At maximum Fe: stopband attenuation AS > 50 dB for F>1.3 Fe 
(with Ipwf = 250A) 
_ passband ripple : Ap = 0.5 dB 
passband gain : G, = -0.7 dB 


PHASE (deg.) 


NORMALIZED GROUP DELAY (SEC. Hz) 


TSG8511 


PHASE RESPONSE CURVE (IN PASSBAND) 


— 270 


NORMALIZED FREQUENCY 


GROUP DELAY CURVE (IN PASSBAND) 


NORMALIZED GROUP DELAY 
EXTERNAL CLOCK FREQUENCY 


(GROUP DELAY = 


NORMALIZED FREQUENCY (Fe) 
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TSG8511 


OUTPUT DC VOLTAGE ADJUSTMENT 


FROM LVL PIN 
Vout (mV) 
3000 
2500 
2000 
1500 
1000 
500 
0 8 g 3 E 8 LVL 
(mv) 
5 $ 8 & 8 
] ] | | — 500 
— 1000 
— 1500 
— 2000 
— 2500 
— 3000 
USER’S GUIDE FOR Ipwe 
Fe(kHz) AND Rpwr CHOIC 
20 ZONE OF 
‘a CORRECT FUNCTIONING 
WITH OVERCONSUMPTION 
5 
, 
1 lpwe WA) 
= Rewer (02) 
72 35 20 14 10 Connected to GND 


TSG8511 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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TSG8511 


ESSERE EE EL EE LO EE aE I EE LS I ST ET UT BEE IE SBT TSA ET FSET EY 2 OIE PTE II STEREOS TRIS LR TIE EEE TE TTL 


NOTES 


TSG8512_ 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


LINEAR HCMOS1 
M.P.F 


| SWITCHED CAPACITOR 
The TSG8512 is a HCMOS lowpass elliptic filter. MASK PROGRAMMABLE FILTER 
CAUER type. 

7th order. 

Stopband attenuation: 85 dB (typ). 
Passband ripple: 0.15 dB (typ). 

Clock to cut-off freq. ratio: 100. _ 

Clock frequency range: 1 to 2000 kHz. 
Cut-off frequency range: 10 Hz to 20 kHz. 


Ordering informations: 


e@ Plastic 16 pins package: TSG8512xP. 
@ Ceramic 16 pins package: TSG8512XC.. 
e Cerdip 16 pins package: TSG8512XJ. 
e Plastic 8 pins package: TSG85121XP. 


X: Temperature range =C: O°C,+ 70°C 
1 :-25°C,+ 85°C 
V:-40°C, + 85°C 
M: -55°C, + 125°C 


Note: For general characteristics, see TSG85XX specifications. 
For non standard quality level, consult THOMSON SEMI- 
CONDUCTEURS general ordering information. 


CASE CB-79 


| . P SUFFIX 
CASE CB-98 PLASTIC PACKAGE 


Ceramic package (C suffix) — 
and Cerdip package (J suffix) 
are also available 


AMPLITUDE RESPONSE CURVE 


8 
5 
3 


NORMALIZED FREQUENCY 16 pins: FILTER + 2 OP. AMPs 
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Ref. 05090-R1 


TSG8512 


FILTER SPECIFICATIONS 


Lowpass filter: TSG8512; Type: Cauer; Order: 7. 
Vt=5V, V-=-5V, T= 25°C, RL=5k Ohm, CL=100pfF, Ipwh= 100A 


Typ. Tested 
limits 
0.5 
1000 (*) 


Symbol 


External clock frequency 
Internal sampling freq. 


Clock to cutoff fr. ratio Fe/Fe 
Cutoff frequency 3 
Passband gain 


100+ 1% | 
0.010 
20 (*) 

dB (min) 

dB (max) 


Passband ripple | 0.5 | dB (max) Fe = 100 kHz 
Fo= 100 KH, F>1.8 Fo 
Output DC offset voltage + 150 + 250 mV (max) LVL = 0 Volt 


+ 22,5 


DC level adjustment 


As 
Voff 
LVL 

LG 
i+ 


k Ohm (min) 
k Ohm (max) 
i A (min) 
bs A (max) 


N 
a 
So 


Input current on PWF 


V+ supply current 
V- supply current 


V+ supply rejection ratio PSRRt 


arn=— 


Fe = 100 kHz 

Ipwa=OuA 

Fe = 200 kHz 
Fin = 1 kHz 


Input resistance 
Input capacitance 


Output voltage swing Vo 
m 


V- supply rejection ratio 


- 
oS 


| 5 
a a 
a a a 
a 
aes eat ae 
Ul Nano 
er 


BW = 1 kHz 
Fe = 100 kHz 
Signal to noise ratio Vin = 2 Vrms 


(*) At maximum Fe: - stopband attenuation : As > 62 dB for F > 1.8 Fc 
(with Ipwf = 250 yA) - passband ripple : Ap = 0.6 dB 
. - passband gain :G, = - 0.4 dB 


TSG8512 


PHASE RESPONSE CURVE (IN PASSBAND) 


NORMALIZED FREQUENCY 


GROUP DELAY CURVE (IN PASSBAND) 


* 
tt 
ly 


g 8 g g 
AON3ND3YS NDOT) WNYSLXI 
AV13G dNOWD G3ZITIWWYHON 
(2H “03S) AV130 dNOYD GaZIIWWYON 


( = AV130 dNOUd) 


NORMALIZED FREQUENCY 


TSG8512 


NN ee 


OUTPUT DC VOLTAGE ADJUSTMENT FROM LVL PIN 


(mV) 


Fe(kHz) USER’S GUIDE FOR Ipwr AND Rpwr CHOICE 


NON RECOMMENDED 


ZONE. 


ZONE OF 


CORRECT FUNCTIONING 


Ipwe WA) 


Rewe™ (kQ) 
14 10 Connected to GND 


TSG8512 
SE a 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 


TSG8512 
SSS SSS SSS SSS 


NOTES 
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TSG8513 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


The TSG8513 is a HCMOS lowpass polynomial filter. 


CHEBYCHEV type. 
8th order. 
Stopband attenuation: 69 dB (typ). at 2 x F, 
Passband ripple: 0.15 dB (typ). 
Clock to cut-off freq. ratio: 60. 
Clock frequency range: 1 to 1500 kHz. 
e Cut-off frequency range: 16 Hz to 25 kHz. 


Ordering informations: 


e@ Plastic 16 pins package: TSG8513XP. 


@ Ceramic 16 pins package: TSG8513XC. 


16 pins package: TSG8513XJ. 
8 pins package: TSG85131XP. 


Orc, + 70°C 
85°C 


e Cerdip 
e Plastic 


X: Temperature range = C : 
| :-25°C, + 


V : -40°C, + 85°C © 


M: -55°C, + 125°C 


For general characteristics, see TSG85XX specifications. 
For non standard quality level, consult THOMSON SEMI- 
CONDUCTEURS general ordering information. 


AMPLITUDE RESPONSE CURVE 


AMPLITUDE (dB) 


NORMALIZED FREQUENCY 
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LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


CASE CB-79 


16 


P SUFFIX 


CASE CB-98 PLASTIC PACKAGE 


pe A 
a ii 
4 


Ceramic package (C Suffix) 
and Cerdip package (J Suffix) 
are also available 


PIN ASSIGNMENT 


16 pins: FILTER + 2 OP. AMPs 


Ref. 05100-R1 


TSG8513 


FILTER SPECIFICATIONS 
Lowpass filter: TSG8513; Type: Chebychev; Order: 8. 
Vt=5V, V-=-5V, T=25°C, RL=5k Ohm, CL= 100 pF, Ipwf = 100 uA 


Characteristic Typ. Tested 
; limits 
Internal sampling freq. 0.5 | 
750 (*) 


Clock to cutoff fr. ratio 60+1% 


Passband gain dB (min) 
; dB (max) 
dB (max) Fe = 60 kHz 


[Passbandrople—SSSS*dSCi dC 
as Fe = 60 kHz, F>2 Fc 


[ Stopbend atenuation i 
=100__| #260 
iG 


Input current on PWF ; 


10 

72 
V+ supply current | | F | 38 
V- supply current a aes a Oe 


8 


[vines 


k Ohm (min) 
k Ohm (max) 
KL A(min) | 
Lt A (max) 
mA (max) Fe = 100 kHz 
mA (max) Ilpwa=OyWA 
dB Fe = 120 kHz 
- dB Fin = 1 kHz 


V+ supply rejection ratio PSRRt 
V- supply rejection ratio 


Input resistance 
Input capacitance 


Output voltage swing Vo 35 
. -4.5 


uVerms — 
dB 


BW = 1 kHz 


Output noise 
Signal to noise ratio 


(*) At maximum Fe: - stopband attenuation : As>55 dB for f>2 Fc 
(with lpwf = 250 A) - passband ripple : Ap = 0.8 dB 
- passband gain : Gp = - 0.6 dB 


Fe = 60 kHz 
Vin = 2 Vrms 


NORMALIZED GROUP DELAY (SEC. Hz) 


PHASE (deg.) 


) 


NORMALIZED GROUP DELAY 
EXTERNAL CLOCK FREQUENCY 


(GROUP DELAY 


- 270 


0.1 


—<—<—— | 


TSG8513 


PHASE RESPONSE CURVE (IN PASSBAND) | 


NORMALIZED FREQUENCY 


GROUP DELAY CURVE (IN PASSBAND) 


0.2 0.3 0.4 0.5 0.6 0.7 0.8 
NORMALIZED FREQUENCY 
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TSG8513 


OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 


.. Yout 
(mV) 


USER’S GUIDE FOR pwr 
AND Rpwe CHOIC 


Fe (kHz) 


Ipwe (A) 
Rowe_ (k22) 
72 35 20 14 10 Connected to GND 


TSG8513 


ee ne ET a aa a ae a 


PHYSICAL DIMENSIONS 


CASE CB-79 


hi MMMM 


i 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


ail 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 


TSG8513 
| 


NOTES 


TSG8514 


_ SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


The TSG8514 is a HCMOS lowpass polynomial filter. 


BUTTERWORTH type. 

8th order. | 

Stopband attenuation: 74 dB (typ). at 3.6 x Fo 
Passband ripple: maximally flat 

Clock to cut-off freq. ratio: 80. 

Clock frequency range: 1 to 1000 kHz. 
Cut-off frequency range: 12.5 Hz to 12.5 kHz. 


Ordering informations: 


e@ Plastic 16 pins package: TSG8514xXP. 
e@ Ceramic 16 pins package: TSG8514XC. 
e Cerdip 16 pins package: TSG8514XJ. 
e Plastic 8 pins package: TSG85141XP. 


X: Temperature range =C: O°C,+ 70°C 
| :-25°C, + 85°C 
V :-40°C, + 85°C 
M: -55°C, + 125°C 


Note: For general characteristics, see TSG85XX specifications. 
For non standard quality level, consult THOMSON SEMI- 


CONDUCTEURS general ordering information. 


AMPLITUDE RESPONSE CURVE 


AMPLITUDE (dB) 


Q.1 0.2 0.5 2 5 10 20 50 100 


NORMALIZED FREQUENCY 


LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


CASE CB-79 


16 


P SUFFIX 


CASE CB-98 PLASTIC PACKAGE 


8 
1 


Ceramic package (C suffix) 
and Cerdip package (J suffix) 
are also available 


PIN ASSIGNMENT 


16 pins: FILTER + 2 OP-AMPs 


Ref. 05100-R1 


TSG8514 


FILTER SPECIFICATIONS 
Lowpass filter: TSG8514; Type: Butterworth; Order: 8. 
V+ =5V, V-=-5V, T=25°C, RL=5k Ohm, CL= 100 pf, Ipwt = 100 uA 


a ee FS i 
Internal pemelns freq. 0.5 
500 (*) 


Glock to cutoff fr ratio soiix ||. 


Cutoff frequency 0.0125 
12.5 (*) 
Passband gain dB (min) 
dB (max) 
I A ll Ml acc 
Flat 


[ Stopbandanenvation ‘| As | 7% | 68 |  eBimin) | Fe 00M, F>SOFe 
ouput ocaservonage + vo [| #100 | 2200] mvimey | _\M=over 
en a el O_O 


Level ein resistance 2 k Ohm (min) 
72 k Ohm (max) 
nee 


TV suppvcurrene Sid 88 | Amt | tw = OMA 
input resistance ———SSSS*dSw Tm 
Pret epetes ee 


_ Output voltage swing +3.5 
- 45 
aa pe Le aT 


Fe = 80 kHz 
Signal to noise ratio 


Vin = 2 Vrms 
(*) At maximum Fe_: - stopband attenuation : As>50 dB for F>3.6 Fc 
(with Ipwf = 250 py A) 
- passband gain : Gp = - 0.5 dB 
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NORMALIZED GROUP DELAY (SEC. Hz) 


PHASE (deg.) 


NORMALIZED GROUP DELAY 
EXTERNAL CLOCK FREQUENCY 


(GROUP DELAY 


TSG8514 


PHASE RESPONSE CURVE (IN PASSBAND) 


+180 


+90 


—90 
— 180 
— 270 
(Fe) 
NORMALIZED FREQUENCY 
GROUP DELAY CURVE (IN PASSBAND) 
120 


AL 
ETT 


0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1 
NORMALIZED FREQUENCY 
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TSG8514 


OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 


Vout 


1000 | (mv) 


750 


250 


100 
200 
300 
400 
500 


(mV) 
§ $ 8 8 8 
| | d | I — 250 
— 500 
— 750 
— 1000 


USER’S GUIDE FOR Ipw 
Fe (kHz) AND Rpwr CHOIC 


NON RECOMMENDED 


lpwe WA) 
Rowe (kQ) 
10 Connected to GND 


TSG8514 


SS EN EE I I SE TSE ESET ESA EE EEE SERGE SASS 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


ee ' / 
e tr’ 
. ’ e 
« 
” 
a 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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TSG8514 


RR EB I I TI SS SE TEE I LIE TED TE ELE ELE EEE ELL ELEC L OLE OEE EIR 


NOTES 
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TSG8530 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


The TSG8530 is a HCMOS highpass” elliptic filter. 
Main features: 


CAUER type. 
3th order. — 
Stopband attenuation: 15 dB (typ). 
Passband ripple: 0.2 dB (typ). 
Clock to cut-off freq. ratio: 320. 
Clock frequency range: 4 to 2400 kHz. 
e Cut-off frequency range: 12 Hz to 7.5 kHz. 


* According to spectrum aliasing phenomenon, the TSG8530 must be 
considered as a highpass filter only in the range [Fc, Fi/2], where Fi is 
the internal sampling frequency. 

Ordering informations: 


e Plastic 16 pins package: TSG8530xXP. 
e Ceramic 16 pins package: TSG8530XC. 
e Cerdip 16 pins package: TSG8530XJ. 
@ Plastic 8 pins package: TSG85301XP. 


X: Temperature range =C: O°C,+ 70°C 
| :-25°C, + 85°C 
V :-40°C, + 85°C 
M: -55°C, + 125°C 


Note: For general characteristics, see TSG85XX specifications. 
For non standard quality level, consult THOMSON SEMI- 
CONDUCTEURS general ordering information. 


AMPLITUDE RESPONSE CURVE 


AMPLITUDE (dB) 


ee ee | ae ee es ee 
0102 05 1 2 £§ 10 20 


NORMALIZED FREQUENCY 
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LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


CASE CB-79 


16 


P SUFFIX 
CASE CB-98 PLASTIC PACKAGE 


Ceramic package (C suffix) 
and Cerdip package (J suffix) 
are also available 


PIN ASSIGNMENT 


16 pins: FILTER + 2 OP-AMPs 


Ref. 05120-R1 


TSG8530 


FILTER SPECIFICATIONS 
Highpass filter: TSG8530; Type: Cauer; Order: 3. 
Vt=5V, V-=-5V, T=25°C, RL=5k Ohm, CL=100 pF, Ipwe= 100 NA 


BE Fak 
External clock frequency aa 
Internal sampling freq. pe 


Clock elt rai morte | [| - | sd 


Cutoff frequency 0.0125 
7.5 (*) 


CV suppiycurrent——SCSC~sSCiSdY | mlm) |e OU 
CVF suppiyrejecionrato ‘| rama | aa |] 
TV" supply eect rato + esa] aif] 
[Linputresistnce ——~—SC~wSCi | TOT 
input capacitance ————SSCS~CN 


- 4.5 
Fe = 32 kHz 
Signal to noise ratio 


Vin = 2 Vrms 
(*) At maximum Fe: - stopband attenuation : As>14 dB for f<0.49 Fc 
(with Ipwf = 250 4. A) - passband ripple : Ap = 0.2 db 
- passband gain : Go = - 0.6 dB 
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PHASE (deg.) 


NORMALIZED GROUP DELAY (SEC. Hz) 


— 136 


— 225 


NORMALIZED GROUP DELAY 
EXTERNAL CLOCK FREQUENCY 


(GROUP DELAY 


TSG8530 


PHASE RESPONSE CURVE (IN PASSBAND) 


NORMALIZED FREQUENCY 


GROUP DELAY CURVE (IN PASSBAND) 


NORMALIZED FREQUENCY 
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TSG8530 


en gS ER SS TS I 2 LEE LOTT LTD 


OUTPUT DC VOLTAGE ADJUSTMENT 


FROM LVL PIN 
| Vout (mV) 

5000 

4000 

3000 

2000 


° 
100 
200 
300 
400 
500 

r 
< 
r 


— 500 
400 
OU 

— 200 
00 

z 


— 4000 
— 5000 


(Fe kHz) USER’S GUIDE FOR Ipwr 
AND Rpwr CHOIC 


ZONE OF CORRECT 


FUNCTIONING 


IPWE (UA) 


72 35 20 14 - 10 Connected to GND 


TSG8530 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


al 
a oo 
uv 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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TSG8530 


NOTES 


TSG8531 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


The TSG8531 is a HCMOS highpass’ elliptic filter. 
Main features: 


e CAUER type. 
6th order. 
Stopband attenuation: 32 dB (typ). 
Passband ripple: 0.15 dB (typ). 
Clock to cut-off freq. ratio: 400. 
Clock frequency range: 4 to 1800 kHz. 
e Cut-off frequency range: 10 Hz to 4.5 kHz. 


-* According to spectrum aliasing phenomenon, the TSG8531 must be 
considered as a highpass filter only in the range [Fc, Fi/2], where Fi is 
the internal sampling frequency. 

Ordering informations: 


e Plastic 16 pins package: TSG8531XP. 
e@ Ceramic 16 pins package: TSG8531XC. 
e Cerdip 16 pins package: TSG8531XJ. 
e Plastic 8 pins package: TSG85311XP. 


X: Temperature range =C: O°C,+ 70°C 
| : -25°C, + 85°C. 
V : -40°C, + 85°C 
M: -55°C, + 125°C 


Note: For general characteristics, see TSG85XX specifications. 
For non standard quality level, consult THOMSON SEMI- 


CONDUCTEURS general ordering information. 


AMPLITUDE RESPONSE CURVE 


AMPLITUDE (dB) 


LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


ail 


1 


CASE CB-98 


Ceramic package (C suffix) 
and Cerdip package (J suffix) 
ere also available 


PIN ASSIGNMENTS 


16 pins: FILTER +2 OP-AMPs 


Ref. 05130-R1 


TSG8531 


FILTER SPECIFICATIONS 
Highpass filter: TSG8531; Type: Cauer; Order: 6. 
vt=5V, V-=-5V, T=25°C, RL=5k Ohm, CL=100 pF, Ipwf=100uA 


ee Bo ae) —] 
soonest [ete [|B 
internal sampling men 

900 (*) 


Clock to cutoff fr. ratio Fe /Fc 


Passband gain ; dB (min) 
dB (max) 


Passband ripple dB(max) [Fc, 30 Fe] ; ; 
Fe = 400 kHz _ 
Stopband attenuation dB (min) F <0.55 Fe 
Fe = 400 kHz 
Ouran De oot volge [Wer | 00 | 00 | avin w= oven 


OC level ejustment Aa eS NET 


PWF resistance a Ohm (min) 
K ohm (max). 
Input current on PWF LA (min) 
LA (max) 


a aa ae ee OS RA 
a “a SA SE 
input Capacitance Siw iY 


servers ae me 
4.5 


OO 


Fe = 40 kHz 
Signal to noise ratio 


Vin = 2 Vrms 
(*) At maximum Fe: stopband attenuation As > 30 dB for F <0.55 Fe 
(with Ilpwf = 250A) 
_ passband ripple : Ap = 0.3 dB 
passband gain : Go = -1 dB 


TSG8531 


PHASE RESPONSE CURVE (IN PASSBAND) 


(‘6ep) ASWHd 


(Fe) 


NORMALIZED FREQUENCY 


GROUP DELAY CURVE (IN PASSBAND) 


( AIN3SNODAY J NIOTD TWNY3LX3 
AW130 dNOYD G3ZIIVWYON 


= AV130 dNOY¥d) 


(2H “93S) AV130 dNOYSD GaZINVWNYON 


NORMALIZED FREQUENCY 


(Fe) 
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TSG8531 


OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 


Vout (mv) 


3500 
3000 


USER’S GUIDE FOR Ipwr 


F. (kz) AND Rpwe CHOIC 


NON RECOMMENDED 


see 


a 
— 


oN 
ma 
C 


FUNCTIONING | 


Lo WITH OVE RCONSUMPTION 


: 'pwe (HA) 
0 50 100 150 200 250 
— Rewer (k&2) 
72 35 20 14 10 Connected to GND 


TSG8531 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


wt id ‘ eS 


My 
uv 


 P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 


TSG8531 


ES SI I HS STS I I SI IT EO I EOS 


NOTES 


TSG8532 


MASH PROGRAMMABLE FILTER ane — 


WITCH 
The TSG8532 is a HCMOS highpass* polynomial filter. mer m6 er aid ee iree 
Main features: | 


e CHEBYCHEV type. 
6th order. a . 
Stopband attenuation: 60 dB (typ). atO.25xF, CASE CB-79 
Passband ripple: 0.45 dB (typ). 
Clock to cut-off freq. ratio: 500. 
Clock frequency range: 5 to 1800 kHz. 
Cut-off frequency range: 10 Hz to 3.6 kHz. 


* According to spectrum aliasing phenomenon, the TSG8532 must be 

considered as a highpass filter only in the range [Fc, Fi/2], where Fi is P SUFFIX 

the internal sampling frequency. CASE CB-98 PLASTIC PACKAGE 
Ordering informations: | 


e Plastic 16 pins package: TSG8532xP. 
e Ceramic 16 pins package: TSG8532XC. 
e Cerdip 16 pins package: TSG8532XJ. 
e Plastic © 8 pins package: TSG85321XP. 


6 


Ceramic package (C suffix) 


X: Temperature range =C: O°C,+ 70°C and Cerdip package (J suffix) 
| :-25°C, + 85°C are also available 


V :-40°C, + 85°C 
M: -55°C, + 125°C 


Note: For general characteristics, see TSG85XX specifications. PIN ASSIGNMENTS 
For non standard quality level, consult THOMSON SEMI- 
CONDUCTEURS general ordering information. 


AMPLITUDE RESPONSE CURVE 


AMPLITUDE (dB) 


NORMALIZED FREQUENCY 


16 pins: FILTER + 2 OP-AMPs 


Ref. 05140-R1 
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TSG8532 


FILTER SPECIFICATIONS 
Highpass filter: TSG8532; Type: Chebychev; Order: 6. 
vt =5V, V-=-5V, T=25°C, RL=5k Ohm, CL= 100 pf, Ipwe= 100 uA 


External clock frequency 5 
1800 (*) 


Clock to cutoff fr. ratio Soe a oe a ee eae eee 


inners iil 
Passband gain dB (min) 
_ dB (max) 


Passband ripple dB (max) [1Fc,45 Fe] 
Fe = 500 kHz 


Output DC offset voltage LVL = 0 Volt 


PWF resistance 10 
72 


ith 
8 
“ 
3 
z 
i 


Fe= 100 Ke 
[V-supply current ipa = Qua 
V+ supply rejection ratio = 60 kHz 
V- supply rejection ratio Fin = 1 kHz 


inputresitnce CRW 
clon LA 
aE aE 


*) At maximum a 

ili ipwf = 250uA 

passband ae ace 0.8 dB 
passband gain : G,= - 0.8 dB 


NORMALIZED GROUP DELAY (SEC. Hz) 


PHASE (deg.) 


NORMALIZED GROUP DELAY ) 
EXTERNAL CLOCK FREQUENCY 


(GROUP DELAY 


— 270 


— 315 


— 360 


TSG8532 


PHASE RESPONSE CURVE (IN PASSBAND) 


| a 
ah, 
re EP 


J 2 3 4 §& 10 20 30 40 50 


(Fc) 


NORMALIZED FREQUENCY 


GROUP DELAY CURVE (IN PASSBAND) 


NORMALIZED FREQUENCY 
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— 


TSG8532 
SS SSS SE TSS ES SSS 


OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 


Vout (mV) 


| USER’S GUIDE FOR Ipwe 
Fe (kHz) AND Rpwe CHOIC 


ZONE OF 
CORRECT FUNCTIONING 


WITH OVERCONSUMPTION 


lowe WA) 
Rewe (kQ) 
10 Connected to GND 
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TSG8532 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 


TSG8532 
a 


NOTES 
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TSG8550 


SWITCHED CAP | 
MASK PROGRAMMABLE FILTER ~ LINEAR HCMOS1 


M.P.F 


The TSG8550 is a HCMOS Cauer band-pass filter. M eo eon wan ble CITER 


Main features: 


6th order. 

Selectivity factor: OQ = 7. 

Gain at center frequency: O GB (typ). 

Low stopband attenuation: 40 dB (typ). 
High stopband attenuation: 40 dB (typ). 
Clock to center freq. ratio: 48. 

Clock frequency range: 1 to 1200 kHz. 
Center frequency range: 20.8 Hz to 25 kHz. 


CASE CB-79 


Ordering informations: P SUFFIX 


e Plastic 16 pins package: TSG8550XP. ener ea ae PLASTIC PACKAGE 
e Ceramic 16 pins package: TSG8550XC. 

e Cerdip 16 pins package: TSG8550XJ. 

e Plastic 8 pins package: TSG85501XP. 


X: Temperature range =C: O°C,+ 70°C 
| :-25°C, + 85°C Ceramic package (C Suffix) 
V : -40°C, + 85°C and Cerdip package (J Suffix) 
M: -55°C, + 125°C are also available 

Note: For general characteristics, see TSG85XX specifications. 


For non standard quality level, consult THOMSON SEMI- 
CONDUCTEURS general ordering information. 


1 


PIN ASSIGNMENT 


AMPLITUDE RESPONSE CURVE 


AMPLITUDE (dB) 


NORMALIZED FREQUENCY 
16 pins: FILTER + 2 OP-AMPs 
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TSG8550 


FILTER SPECIFICATIONS 


Band-pass filter: TSG8550; Type: CAUER;: Order: 6 
Vv’ =5V,V =-5V, T= 25°C, RL=5 kohm, CL= 100 PF, Ipyyp = 50 vA 


Tested 


Characteristic 


External clock frequency 
Internal sampling frequency 


Clock to center frequency ratio 48+ 1% aaa 
Pemmtmme | me | OR 


dB (max) Typ. Go = -0.2 dB 
dB (min) for Fe = 48 kHz 


Gain at center frequency 
Low cutoff frequency 
High cutoff frequency 


2 e 
. 


-3 dB bandwidth 


Selectivity coefficient 
Passband ripple - Ap 


[0.926 Fo, 1.07 Fo] . 


p= Fo BW 


|_Lowstopband attenuation | Als | 40.5 __F<0.8 Fo 
Output DC offset voltage mV (max) LVL = 0 volt 


_ High stopband attenuation | dB(min) | = F>1.24Fo. 
DC level adjustment 


LVL 
LG 


jteelgain GCE ta SCd|s SC CUd|s (iC KCTC*dSSC—CS 
10 kohm (min) 

[Pwernicance | owe | Te 
veneer [ow | |] tes 
V* supply current p75 mA(max) | Fe = 48 kHz 
V- supply current a Ipwa = 0 uA 
V* supply rejection ratio | psrR’ | og TCTSSCSdYStCtie = Be 
V- supply rejection ratio Ss ee 

|_inputresistance Rin S| SSO SSSCd|~SsédT SS Mohm Sid SSS 

|_Inputcapacitance [cin ~Ss| S20 SSCd|sSC*~*‘iL’sSOipRCCOOOO 

272, | rms 

Cpwe = 33 pF 
Signal to noise ratio 78 Fe = 48 kHz 
Vin = 2 Vrms 


(*) At maximum Fe : Stopband attenuation Als > 39 dB forf<0.8 Fo 
(with IPWF = 250 uA) Stopband attenuation Ahs > 42 dB for f > 1.24 Fo 
Passband ripple Ap = 0.3 dB 
Gain at center freq.) Go =-1.5dB 
-3 dB bandwidth BW = 3.15 kHz [0.926 Fo, 1.052 Fo] 
Selectivity Q=7.9 
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AMPLITUDE (dB) 


AMPLITUDE (dB) 


TSG8550 


PHASE RESPONSE CURVE (IN PASSBAND) 


0.926 0.96 0.98 1 1.02 1.04 1.07 


NORMALIZED FREQUENCY 


GROUP DELAY CURVE (IN PASSBAND) 


AMPLITUDE 


ht ert Nh 
RCE 


GROUP DELAY WY 


NORMALIZED FREQUENCY 


PHASE (deg.) 


NORMALIZED GROUP DELAY (SEC. Hz) 


NORMALIZED GROUP DELAY 
EXTERNAL CLOCK FREQUENCY 


GROUP DELAY 


TSG8550 
ppg 


OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 


Vout 


1000 (mV) 


750 


500 


250 


100 
200 
300 
400 
500 


LVL 
(mV) 


— 500 
— 400 
- 300 
— 200 

100 


— 250 


— 500 


— 750 


USER'S GUIDE FOR Ipwe 
AND Rpwr CHOICE 


Fe (kHz). 


ete iTS 
NON RECOMMENDED ZONE STION CURVE 
opTiMAL cons 


— CORRECT FUNCTIONING 


72 35 20 14 


1200 


WITH OVE RCONSUMPTION 


lpwe (uA) . 
Rewe (kQ) 
10 Connected to GND 
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TSG8550 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Sescalunne Ges ae ata ee eens 
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TSG8550 


: 


NOTES 
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SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


The TSG8551 is a HCMOS high selectivity bandpass filter. 


Main features: 


e 8th order. 
Selectivity factor: Q = 35. 
Gain at center frequency: 30 dB (typ). 
Low stopband attenuation: 70 dB (typ). 
High stopband attenuation: 70 dB (typ). 
Clock to center freq. ratio: 187.2. 
Clock frequency range: 4 to 3800 kHz. 
Center frequency range: 22 Hz to 20.3 kHz. 


Ordering informations: 


e Plastic 16 pins package: TSG8551XP. 
e Ceramic 16 pins package: TSG8551XC. 
e Cerdip 16 pins package: TSG8551XJ. 
e Plastic 8 pins package: TSG8551 1 XP. 


X: Temperature range =C: O°C,+ 70°C 
| :-25°C, + 85°C 
V : -40°C, + 85°C 
M: -55°C, + 125°C 


TSG8551 


LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


CASE CB-79 


P SUFFIX 


CASE CB-98 PLASTIC PACKAGE 


Ceramic package (C Suffix) 
and Cerdip package (J Suffix) 
are also available 


Note: For general characteristics, see TSG85XX specifications. 
For,non standard quality level, consult THOMSON SEMI- 
CONDUCTEURS general ordering information. 


PIN ASSIGNMENTS 


AMPLITUDE RESPONSE CURVE 


20 


of | | I7iN\ 
a a ae 


AMPLITUDE (dB) 


08 0.85 09 095 1 105 1.1 1.15 1.2 
NORMALIZED FREQUENCY 


16 pins: FILTER + 2 OP-AMPs 


4-79 


Ref. 05070-R1 


TSG8551 


FILTER SPECIFICATIONS. 
Bandpass filter: TSG8551; Type: High Q; Order: 8. 
Vt+t=5V, V-=-5V, T=25°, RL =5k Ohm, CL = 100 pF, Ipwe= 100 uA 


Typ. Tested 
limits 
4 
3800 (*) 
0.5 
475 (*) 


ra ee 
dB (min) 


[ae | dime 
[as [7088 | a mis) |i 0 
Output DC offset ote (vE= Ovo 


Gain at center frequency 


Selectivity coefficient — 
Passband ripple 
Low stopband attenuation 


PWF resistance 


Input current on PWF 


(evel gai i 
K Ohm (min) 
ee 
[ae 
LA (max) 
| 5 | mA (max) Fe = 100 kHz 
i — 
dl dB ‘Fe = 187.2 kHz 
Sete 
Ieee 
oe 
az 


V+ supply current 

V- supply current 

V+ supply rejection ratio 
V- supply rejection ratio 
Input resistance 


Hacc 


Fe = 187.2 kHz 
Vin = 2 Vrms 


Input capacitance . 


Output voltage swing 


Output noise 


Signal to noise ratio 


* IPWr = 200 HA 
** Value divided by the gain 


AMPLITUDE (dB) 


GAIN (dB) 


TSG8551 


PHASE RESPONSE CURVE (IN PASSBAND) 


NORMALIZED FREQUENCY 


AMPLITUDE RESPONSE TEMPLATE (TESTED) 
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1.2 


PHASE (deg) 


NORMALIZED 


FREQUENCY 


TSG8551 


OUTPUT DC VOLTAGE ADJUSTMENT 
FROM LVL PIN 


Vout (mV) 


1000 


LVL (mV) 


—500 
—400 
~300 
—200 
—100 
So 


— 500 


— 2000 


USER’S GUIDE FOR Ipwr 
AND Rpwe CHOIC 


F (kHz) 


FUNCTIONING 
WITH OVE RCONSUMPTION 


Connected to GND 
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TSG8551 
LLL SSS SS ead aoeciaseats 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 


TSG8551 


een enm een ES SST SS SS 


NOTES 


TSGF08/Customer identification 


SWITCHED CAPACITOR MASK PROGRAMMABLE 
FILTER (SEMI CUSTOM FILTER) 


THOMSON SEMICONDUCTEURS supplies the first samples 4 to 8 weeks 
after the customer's definition of the M.P.F specifications. All types of 
filters may be provided (BUTTERWORTH, LEGENDRE, CHEBYCHEV, 
BESSEL, CAUER) for conventional applications (low-pass, high-pass, 
bandpass, notch, group delay equalizers) or for simultaneous optimization 
of the amplitude and phase templates. 


Main features: 


e Technology: HCMOS1. 

e@ Available orders: 4 to 8 (whatever the type of M.P.F). 
e Input signal frequency range: 0 to 30 kHz 
e 
e 


Clock frequency range: 1 to 2000 kHz 
Clock to cut-off frequency ratio: 20 to 400 (depending on the M.P.F 
considered). 

@ Signal to noise ratio: 60 to 85 dB (depending on the internal structure 
of the M.P.F considered). 

e@ Power supply: +5 V or 0-10 V. 

e Consumption adjustable between 0.5 to 20 mW per order. 

e Accuracy of the cut-off frequencies: 0.5%. 

@ Response curves (amplitude and phase) translatable by changing the 

clock frequency. 


BLOCK DIAGRAM 


possibility 
filter 


8 th order -= 
Input 


= o1f foi o2f | 


and TTL 
interface 


4-85 


LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
ASK PROGRAMMABLE FILTER 
(SEMI CUSTOM FILTER) 


CASE CB-79 


P SUFFIX 
CASE CB-98 PLASTIC PACKAGE 


Ceramic package (C suffix) 
and Cerdip package (J suffix) 
are also available 


PIN ASSIGNMENTS 


16 pins: FILTER + 2 OP-AMPs 


Ref. 05160-R1 


CLIENT INITIATIVES 


* If study is achieved by the 
client, he may take advan- 
tage of THOMSON SEMI- 
CONDUCTEURS CAD 
facilities and assistance for 


protype design and testing. 


TSGFO8 


CUSTOM DESIGN BLOCK DIAGRAM 


CLIENT NEEDS 


PROVISION OF 
FILTER SPECIFICATIONS 


| FEASABILITY STUDY PRICING] PROPOSAL 
DESIGN AND SERIES 


PARTS COSTS 


THOMSON SC CUSTOM FILTER 
STUDY 

SPECIFICATION 
DRAFT 


FILTER DESIGN AND 
ELECTRICAL SIMULATION 


PRINTOUT 


MPF CIRCUIT 


CUSTOMIZING 
STUDY * 


FABRICATION OF 
SPECIFIC MASK 


SILICON WAFER 
FABRICATION 


SILICON WAFER 
TESTING 


PROTOTYPE. 
PACKAGE ASSEMBLY 
PROTOTYPE PACKAGE DELIVERY OF 
TESTING 
TESTED 
PACKAGES 
CLIENT 
PRE-SERIES 
APPROVAL 


CLIENT FEEDBACK 


PHASE 1 


INITIAL 
CONTACTS 


PHASE 2 


FILTER 
DESIGN 
AND 
SIMULATION 


MPF CIRCUIT 
CUSTOMIZING 


PHASE 4 


FABRICATION 
(SAME AS FOR 
A GATE ARRAY 
CIRCUIT) 


PHASE 5 


TESTING 


PHASE 7 


SERIES 


1 TO 3 WEEKS 


1 TO 2 WEEKS 


1 WEEK 


4 TO 8 WEEKS» 


TSGFO8 


FILCAD is a software package developed by THOMSON SEMICONDUCTEURS available for its 
saat pes eal designs: M.P.F, but also Full Custom or Semi Custom Circuits containing 
such Filter cells. 


Evaluation 
Theorical 
synthesis 


#3 .C.F synthesis 
GENERAL .C.F schematics 


Full Custom 


e S.C.F simulations 

e Dynamic scaling 

e Normalization of 
Capacitors 
adapted to M.P.F 
MONTE CARLO analysis 


SCHEMATIC 
CAPTURE 


SPECIFIC 


LAYOUT 
Sia TOOLS FACTOR 


PG tape Automatic 
of specialization mask layout draft 
(GDS2 standard) 
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TSGFO8 


PHYSICAL DIMENSIONS 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


CASE CB-98 


‘ 

a - 

8 ee 
1 


P SUFFIX 
PLASTIC PACKAGE 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 


TSG8670 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


LINEAR HCMOS1 
M.P.F 


SWITCHED CAPACITOR 
MASK PROGRAMMABLE FILTER 


The TSG8670 is a HCMOS voice-grade dual filter for telephone 


line interface. CASE CB-181 
OUT1: RECEIVE LOW-PASS FILTER. 

e@ CAUER type. 

@ 4th order. 

e Stopband attenuation: 34 dB. 

e Passband ripple: 0.3 dB. 

e@ Clock to cutoff frequency ratio: 85.33. 

@ Clock frequency range: 1 to 1500 kHz. 

e@ Cutoff frequency range: 12 Hz to 17 kHz. 


OUT2: TRANSMIT BAND-PASS FILTER. 


e@ 8th order (5th order CAUER low-pass + 3rd order CHEBYCHEV 
high-pass). P SUFFIX 


Selectivity factor: 0 = 0.22. PLASTIC PACKAGE 
Upper stopband attenuation: 42 dB. 
Passband ripple: 0.2 dB. 

Clock to center frequency ratio: 342. 
Clock frequency range: 10 to 1000 kHz. PIN ASSIGNMENT 
Center frequency range: 29 Hz to 2.9 kHz. 


Ordering informations: 

e Plastic 18 pins package: TSG8670XP. 
e Ceramic 18 pins package: TSG8670XC. 
e Cerdip 18 pins package: TSG8670XJ. 


X: Temperature range = C: O°C, + 70°C, |: -25°C,+ 85°C 
V: -40°C, + 85°C, M: -55°C, + 125°C 


Réf: OS2BE 


TSG8670 
eee al 


BLOCK DIAGRAM 


PWA 1N1 PWF LVL1 


3 10 Ej 


POWER ADJUST OUTPUT 
FOR FILTER OC LEVEL 1 


a ; OUT1 


INPUT OUTPUT S/H 
+EB iis 
12 th ORDER 
—EB POSSIBILITY 
OUT2 
i INPUT Fo avenues Lal OUTPUT S/H 
a S/H 2 BUFFER 2 


CLOCK GENERATOR OUTPUT 
OC LEVEL 2 


+EA 


=EA LVL2 


SA 


IN2 CLK V+ GNO V- 
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TSG8670 


256 kHz) 


AMPLITUDE RESPONSE CURVE FOR TELEPHONE APPLICATION (CLK 


(@P) 3GNLNdWY 


FREQUENCY (Hz) 


i 
2 
"LON 
ES 
%o 
2 
< 
«e 
- 


(ap) JGNLNdWY 


FREQUENCY (Hz) 
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TSG8670 


PHYSICAL DIMENSIONS 


CB-181 


P SUFFIX 
PLASTIC PACKAGE 


- Tr haa 


= 
31 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 


TS8306 


VIDEO SPEED 6-BIT FLASH A/D CONVERTER 


HMOS2 


20 MHz 


The TS8306 is a monolithic 6 bit HMOS2 parallel (flash) A/ D conver- 6-BIT FLASH 
ter designed for 20 MSPS conversion speed. A/D CONVERTER 
Parallel sampling is performed via a resistor ladder and 64 auto- 
balanced comparators. Conversion is accomplished within one clock 
pulse. 


A very low input capacitance (less than 15 pF) and a low input CASE CB-79 © 
dynamic range (1 volt possible) allow very easy drive of the TS8306. 


e 20 MHz sampling rate. 

e 10 MHz input bandwidth without sample and hold. 

e Accuracy better than 6 mV (operation at low reference possible). 
e Single +5V supply. 

e Logic inputs and outputs are TTL and CMOS compatible. 

e 6 bit data, underflow and overflow lines are 3-state outputs. 

e 16 pin package (chip also available). P SUFFIX 


e Soon available in SO16 plastic micropackage. 


e High speed data acquisition. . 

e TV video digitizing. ALSO AVAILABLE 

e Radar pulse analysis. C SUFFIX J SUFFIX 

e Medical imaging. . CERAMIC PACKAGE CERDIP PACKAGE 

e General purpose hybrid ADC's. 

e Optical recognition. 

e Fax machine and video printer. 

e All high speed A/D conversion applications where low power and PIN ASSIGNMENT 
low cost are required. 


BLOCK DIAGRAM 


V(ref*) 13 


Latches Viref-) LIS 
and 
encoder 


9} | B1 (LSB) 


IN Vpp GND 
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Ref. 04355 


TS8306 


PIN DESCRIPTION 


FUNCTION DESCRIPTION 
bi 


eel. to Clock input TTL level accepted 


pono] sf 2 | General around. Inside, analog and digital ground are separated. 
| Viret*) | ) pve f 6 f 3 Upper reference | Access to the upper resistance ladder 


Pe + Pawnee 
changed by forcing this point by an axteinal voltage source. 

weer | |e [Soins [Acaeic orn 

A 

[roo [ [7 | Panay [isaac cemmerns 


UNFL Under flow This line is set to logical '’1'' when the input signal is lower than the 
status line V(ref~) voltage. All data (B1 to B6) are reset to logical m0" 


OVFL Overflow status | This line is set to logical 1’ when the input signal is higher than the 
line V(ref*) voltage ; all data (B1 to B6 are set to logical '’1”’. 
i 
MAXIMUM RATINGS 


ee 


Tristate enable | CE commands the tristate mode for all output buffers (B1 to B6, 
OVFL and UNFL). 
When CE =’'1” : tristate 


CE = "0" : output valid 
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TS8306 


ELECTRICAL CHARACTERISTICS 
Tamb = +25 °C, Vpp =+5 V, VREF+=+ 2 V. VReF -= Ov 


Characteristic mee we ee Max | Unit | 


Resolution BIT 
Integral linearity error LSB 
Differential linearity error LSB 
Quantizing error LSB: 
V 
mw 
Maximum sample rate MHz 
Analog bandwith MHz 
Aperture jitter ps 
Reference ladder. 
lower reference voltage V 
upper reference voitage V 
full scale range - 
ladder resistance kQ 
pF 
Logic output low voltage Vv 
high voltage V 
Digital input low voltage Vv 
V 


high voltage 


TIMING DIAGRAM 


External clock 


Auto-zero N N+1 N+2 ; 

| 01 
Comparators | 
and : | 
latches Sampling N - 1 

| 7) 
ROM acquisition | 
N-1 | 
| 

| 01 


Output master Data transfert \ 


slave register N-1 N Ne4 | 


Data available | 
N-1 


Output — 
data change 


Tp = 3 ns (max) 
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TS8306 


TYPICAL CONFIGURATION 


. mr. TTL clock rod 
og 1] CLK ne 
N 
im n5| OVERFLOW 
VV 
/\ na MSB 
V on = 
\ 12] OUTPUT 
Input v 
npu 
DATA 
( a L . 
standard video 0 
driver ae = 10 
A ‘ 19) LSB 
UNDERFLOW 
Conventions Caution for use 
e V = Incoming ground pin e tl = 22 uF tantalum capacitors 
(as near as possible to the incoming 
© eee = Ground plane connected to the inco- ground pin) 
. ming ground pin i. 
e — = 100 nF ceramic capacitors 


(as near as possible to the device pin) 
@ Avoid DC current flows in the ground plane 


@ Try to respect star connections for high DC current 
flows (connection to the incoming pin) 
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TS8306 


LS TERS EE ID TES SBE IE SR EOI A ETD EE EE IO TEE BE IE TEE ESE EEE EES EG TE ETE LITE CEE NIELS TE DE TILE BNE DELS GALILEE ILLES, 


CASES 


mm 


CB-79 


038 | F 177 mox 


508 


(1) Nominal demension P SUFFIX 
(2) True geometrical position PLASTIC PACKAGE 


ALSO AVAILABLE 


C SUFFIX JSUFFIX © 
CERAMIC PACKAGE CERDIP PACKAGE 
F 117 


SITELESC 


| 


+ 


TT 


CB-359 


FP SUFFIX 
PLASTIC PACKAGE 


16 pins 


i 
CB-359 
THOMSON 


SO16 


This is advance information and specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages. 
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TS8305 


NOTES 
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~ TS8307 


VIDEO SPEED 7-BIT FLASH A/D CONVERTER 


The TS8307 is a monolithic 7-bit HMOS2 parallel (flash) A/D converter 
designed for 20 MSPS conversion rate. 

Parallel sampling is performed via a resistor ladder and 128 auto- 
balanced high speed and high accuracy comparators. Conversion is 
accomplished within one clock pulse. 

A very low input capacitance (less than 20 pF) and a low input dynamic 
range (1 V possible) allow a very easy drive of the TS8307. 

Typical characteristics: 


@ 20 MHz sampling rate. 

e@ 5 MHz input bandwidth without sample and hold. 
e Accuracy better than 6 mV. 

e@ Single +5 V supply. 

e@ Logic inputs and outputs are TTL compatible. 

e 

e 


7-bit data and overflow lines are 3-state outputs. 
Serie operation (2 x 8307) to obtain a 8-bit flash converter (by using 
overflow and CE1 and CE2). 
e Parallel operation (2 x 8307) to obtain a 30 MHz 7-bit converter (by 
using Phase and CE2). 
20-pin slim package. 
Very low cost device. 
+ 1 LSB integral non linearity. 
+ 0.5 LSB differential non linerarity. 


Typical applications: 


High speed data acquisition, and instrumentation. 

TV video digitizing. 

Radar pulse analysis. 

Medical and industrial imaging. 

Optical recognition. 

Fax machine and video printer. 

All high speed A/D conversion applications where low power and low 
cost are required. 


BLOCK DIAGRAM 


+8 V anatog +5 V digtal Analog Digniat 
functions functions GNO GNO 


osuPp AGND OGND 
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HMOS2 


20 MHz 7-bit FLASH 
A/D CONVERTER 


CASE CB-194 


1 


P SUFFIX 
PLASTIC PACKAGE 


1 


J SUFFIX 
CERDIP PACKAGE 


* Ceramic package (C Suffix) is also available. 


PIN ASSIGNMENT 


Ref. 05125 


TS8307 


Tristate buffer outputs 


PIN DESCRIPTION 


Pin 
Type 

1 

to Output data 
5 

OVFL Overflow status 
line 
Access to the half reference voltage. The conversion low can be 


R/2 Half reference 
a" by forcing this point by an external voltage source. 


etre eee te 


Set to «1» when the input signal is higher than Vaggt voltage. 
All data (B; to B7) are set to «1» 


Tristate command | es On - «O»: tristate for both overflow status and data lines __ 


} Tristane command | command CEQ - «1»: overflow valid but data lines valid only if CE, - «0» 


cae Lower reference ‘Access to the lower reference voltage. A voltage source must be 
applied (or ground) 
rane [1 [8 | Aen —<———— 


i eee 


See 


jvner | Upper reference Access to the upper reference voltage. A voltage source must be 
applied 


Soe A 
Analog supply 


When Phase is «O» the input signal is sampled on the falling 
edge of the input clock. When Phase is «1» the pet aignal is 
sampled on the rising edge of the input dock 


MAXIMUM RATINGS 


| Supply voltage 


Power supply current 


Temperature 
Operating t° range 
Storage t° range 


-60 to+130 
-60 to+150 
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ELECTRICAL CHARACTERISTICS 
Tamb =+ 25°C 
ASUP = DSUP = +5 V Vraept = +2 V Vrep— = OV 


Resolution 

Linearity error 

Differential linearity error 
‘Quantiting error 

Voltage supply 

Power dissipation (15 MHz) 


Maximum sample rate 
Analog bandwith 
Aperture jitter 


Preference ladder: 
Lower reference voltage 
Upper reference voltage 


Full scale range 
Ladder resistance 
Input capacitence 


Logic output low voltage 
high voltage 
Digital input low voltage 
high voltage 


External clock 


| 
Auto-zero N Ne1 N+2 
i 01 
Comparators | 
ae Sampling N-1 | 
| b2 
ROM acquisition | 
N-1 N Ne1 N | 
| 
| 01 
Output master Data transfert | 
slave register N-1 
N N+1 ! 
02 
1 
Data available | 
N-1 N N+1 N+2 
Output - 
data change 
1 


Tp = Wns (max) 


Nota : If Phase is set to «1» the external clock is inverted inside the circuit. 
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CASE CB-194 
J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 


@« 2.54(2) amex: 


e e e e e | 
’ 


(1) Nominal dimension 
(2) True geometrical position 


20 pins 
V 


CB-194 
CEI DATA. JEDEC SITELESC 


These specifications are Subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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TS8308 


VIDEO SPEED 8-BIT FLASH A/D CONVERTER 


The TS8308 is a monolithic 8-bit HMOS2 parallel (flash) A/D converter 
designed for 20 MSPS conversion speed. 

Parallel sampling is performed via resistor ladder and 256 comparators. 
Conversion is accomplished within one pulse. 

A very low input capacitance (less than 30 pF) and a low input dynamic 
range (1 V possible) allow a very easy drive of the TS8308. 


Typical characteristics: 


Single +5 V. supply. 

+1 LSB integral non linearity. 

+0.5 LSB differential non linearity. 

20 MHz sampling rate. 

5 MHz input signal without sample and hold adjunction. 
Very low input capacitance (max. 25 pF). 

All logic inputs and outputs are TTL compatible. 

Data output: 8-bit binary code + overflow. 

Output buffers for 8-bit data and overflow are 3-state type. 
Accuracy better than 6 mV. 

Pin to pin compatible with RCA CA 3308. 


Typical applications: 


TV video digitizing. 

Ultrasound signature analysis. 

Transient signal analysis. 

Radar pulse analysis. 

High energy physics research. 

High speed oscilloscope storage/display. 
General purpose hybrid ADCs. 

Optical character recognition. 

Digital signal processor data acquisition systems. 
Satellite operations. 

Portable video speed products. 

Video printer. 

Fax machine. 

image processing. 

Medical imaging. 

All high speed A/D conversion applications where low power and low 
cost are required. 
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HMOS2 


VIDEO SPEED 
8-BIT FLASH 
A/D CONVERTER 


CASE CB-68 


P SUFFIX 
PLASTIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 


Ceramic package (C Suffix) is also available 


PIN ASSIGNMENT 


B1 (LSB) L}) 


Réf. 05180 


TS8308 


BLOCK DIAGRAM 


CLOCK 
CLOCK 


GENERATOR 
PHASE 


MASTER. 
SLAVE OVFL 


256 — 8 


ENCODER 


256 COMPARATORS (ROM) - BS 
AND LATCHES 


8 BIT 
OUTPUT 
MASTER 
SLAVE 

REGISTER 


VIN ASUP DSUP AGND DGND 
*5 V ANALOG * 5 V DIGITAL ANALOG DIGITAL 
FUNCTIONS FUNCTIONS GND GND 
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TS8308 


PIN DESCRIPTION 


By (LSB) 1 | 
O to Output data | Tristate buffer outputs 
8 
9 


Overflow status line This line is set to logical ‘1°’ when the input signal 
is higher than the Vagrt voltage. All data (By to Bg) are 
set to logical ‘1”’. 


| Access to the first quarter reference voltage _ 4 


Oo 
wn 
Cc 
im] 


Tristate command CE2 = “0” : tristate for both overflow status 
and data lines 


Tristate command CE2 = “1” : overflow valid lout data lines 
valid only if CE1 = “O”. 


Lower reference Access to the lower reference voltage. A voltage 
source must be applied (or ground) 


a 
Clock input TTL levels —- 


Half reference Access to the half reference voltage 


Access to the upper reference voltage. A voltage source 
must be applied 


fl : 
m m 
wn —_ 
s 
oO) 


2 
oO 


Q 
rc 
A 


0 
mg 
> 
w 
m 


-_ 
~w 


When phase is “0” the input signal is sampled on 

the failing edge of the input clock. When phase is “1” ” 
the input signal is sampled on the rising edge of the 
input clock 


aD 
ass 
N 


V 2 


2 


1 
Vrert 22 Upper reference 


3 R/4 Third quarter reference Access to the third quarter reference voltage 
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MAXIMUM/ RATINGS 


Rating | Symbol | Value | Unit 
Power Supply current on pins (2,7) | int2 | 1500 | mA 


ELECTRICAL CHARACTERISTICS 
Tamb =+ 25°C Asup=Dgup=t5V VReF+=+2V_ VpReF-=0V 


a 


Resolution N - 
Linearity error 

Differential linearity error 

Quantizing error 


Voltage supply : 
Power dissipation (15 MHz) : Analog supply 
Digital supply 


Maximum sample rate 
- Analog bandwith 
Aperture jitter 


Reference ladder : 
Lower reference voltage 
Upper reference voltage 
Full scale range 

Ladder resistance 


input capacitance 


Logic output low voltage 
high voltage 
Digital input low voltage 
high voltage 
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1 FE OE a SS SD SE TS SS SS FE 


TIMING DIAGRAM (PHASE =" 0 ”) 


| | | | | | | | | External clock 


| 
Auto-zero N N+1 N+2 
Comparators | 
ee pampling A « | 
| 02 
ROM. acquisition | 
N-1 | 
| 
| 01 
Output master . Data transfert | 


slave register 


Data available | 
N-1 N N+1 N+2 


Output 
data change 


Tp= Wns (max) 


NB: If phase is set to ‘’1'’, the external clock is inverted inside the circuit 
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FUNCTIONAL DESCRIPTION 
Circuit TS8308 includes: 


a sequencer generating internal clock, 

a core ensuring conversion, 

an output circuit delivering digital data, 

the sequencer generates 6 internal clocks from pins 
CLK and PHASE: 


Internal phases Circuits concerned |__ Function =| ~~ Value(PHASE=0) 
e3 
v4 [Encoder Sd CTransmission | ——~SCietCSd 


5 Output master/slave flip - flop Sampling o1+D 
Output master/slave flip - flop - $2+D 


N.B. : D is a time-delay introduced to compensate for signal propagation time. 


e the core includes: The line enabled corresponds to the last compara- 
tor which has tripped, i.e. the comparator with the 
reference voltage nearest by default to the input 
signal. 


— Aresistor linear network delivering 256 reference 
voltages distributed linearly between external 
reference voltages Vp¢r* and Vper . Access to 


quarter (R/4), half (R/2) and three quarter (3R/4) . = 
bridges enable the following: — A ROM following the decoder and coding over 


8 bits the detected comparison chain in binary. 

If the input signal is lower than the lowest refe- 
rence voltage (1st comparator), code O is written 
at the output. 

If the input signal is higher than the upper most 
reference voltage (256th comparator), code 255 is 
written at the output and overflow bit is set to 1. 


- either improve linearity by externally forcing 
reference voltages, 

- filter disturbances going through the bridge by 
means of external capacitors, 

- or delinearize the bridge by means of external 
resistors (law of linear compression by blocks). 


— Aset of 256 voltage comparators parallel connec- 
ted across the 256 taps of the reference bridge 


and the input analog signal which defines the e The output stage consists of 9 identical parts (8 bits 
256 (28) quantification levels. and overflow) each formed of a flip-flop D connected 
In first phase $1, these comparators store their to the ROM output with an output buffer. This buffer 
flip-flop threshold then, in phase 2 they compare is enabled on phase $6 = 2 and includes a selec- 
the thresholds with the input signal. tive high impedance command. 

The comparators with an input signal voltage Inputs CE1 and CE2 switch the Output bits to this 3rd 
lower than the reference voltage present a given state (with overflow bit if required) in order to facili- 
state at the output, the others present the com- tate the following*: 


plementary state. 
The 256 comparators output is stored in 
256 latches at the end of phase $3 = 02. 


— parallel connection of the 2 converters thus pro- 
viding a double sampling frequency while main- 
taining an 8 bit resolution, 


— A 256 to 8 decoder detecting the transition bet- — series connection of the 2 converters providing a 
ween the comparators in a given state and the 9 bit resoiution while maintaining a 20 MHz 
ones in the complementary state. sampling frequency. 


B1,...B8 in 3rd state B9 (OVEL) in 3rd state 


* See application information. 
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TYPICAL EVALUATION CIRCUIT 


In order to eliminate the almost uncontrollable off- 
sets introduced by the source generator or buffer 
amplifier proper, two capacitors parallel mounted 
(C15 and Cie) are added in series after the amplifier. 


The general circuit used for the flash converter in typical 
conditions (8 bits, 20 MHz) is represented on figure 1. 


e Voltage reference. 


Flash converter requiring a positive reference vol- 
tage (Vp¢e*) ranging from 1.5 V to 3 V (typ: 2 V), the 
circuit generates a reference voltage of 2.5 V from 
the power supply voltage (+5 V) anda precision regu- 
lation diode (IC;). 


Resistor bridge reference voltages. 

The circuit allows to access some particular points on 
the resistor bridge. These points correspond to 3/4, 
1/2 and 1/4 of the bridge total resistance. This fea- 
ture enables use of the flash convertor in two ways: 


— in linear operation with these 3 points grounded 
by uncoupling capacitors in order to filter distur- 
bances along the bridge (K2, K3 and K4 in posi- 
tion 2), 

— innon-linear operation with the following 2 func- 
tions: 


- improvement in flash converter integral linearity 
by forcing the 3 points to their corresponding 
voltages (K2, K3 and K4 on poisition 1), 

-- implementation of a non-linear conversion law 
(compression law for instance) in order to better 
observe the results of the conversion on one part 
only of the transfer characteristic (K2, K3, K4 on 
position 1). 


Analog signal. 

The input analog signal must be driven by a wide 
band buffer amplifier IC3) with a very low output 
impedance. 


For low frequencies (<< 1MHz) tantalum capacitor 
(Cis) is used as a short-circuit; for higher frequencies 
(> 1 MHz) the ceramic capacitor (Cie) is used as a 
short-circuit. 

After these capacitors, a potentiometer (P5) with the 
middle point connected to the flash converter input 
adds a DC component to the input signal. The signal 
thus obtained has an overage value different from 
zero, lying between Vaer—and Vpertand which can 
be converted by the flash converter. 


Clock signal. 

Clock signals are TTL or CMOS signals. The PHASE 
command is used to invert (K: on position 1) or not(K; 
on position 2) the external signal. 


Considerations on electrical layout. 

A certain number of elementary precautions should 
be taken in the electrical layout when using high 
frequencies. 

The main ones are as follows: 


— aground plane for the components, 

— the ground tracks corresponding to the various 
signals (clock, input signal, references) are sepa- 
rated and connected together to a single point, 

— astar distributed power supplies (idem for ground) 
to avoid any possible loop, 

— a maximum capacitive uncoupling as close as 
possible to each circuit. 


* For typical application circuit, the same surroundings 
can be used. 
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(SIGNAL) 


GND 


TYPICAL EVALUATION CIRCUIT 
(continued) 


(CLOCK) 
C 
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DIGITAL DATA 


OVERFLOW BIT 


TS8308 


8 BIT RESOLUTION CONFIGURATION 20 MHZ SAMPLING RATE 


Component Component 
Pom | CdYC]SSSC*O PV 
[ref KaawCdCSCS~*~*sO 
[ative dC SSSCSC~*O PV 
[re [sew C*dCSCSC~C«*O 
[ars [Cow «dC SSCSC~*~«sO 
Sa 10075 
a 21075 =< 
er [oR mtiurnsy Sic SSCS 
Cen | 0K munurnsy =i SCSC~C~*S BCS 
ra [OK mitturns) den) V Tomato) 
Tra [OK mtturns) Side SCSC*C*OB CS 
5 [TOK mutteunsy dt |B Vancom) 
a 
a A 
a ST 
[es Ct~—tsSC—“‘—sSC“‘(C‘dQMPTOOUUUUUUUUU 
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TYPICAL APPLICATION 


+5Vv +65V 
“Hh SH 
ASUP osuP 
OVFL OVFL 
CLK 
) 
9 
VIN 
8B B 
8 8 
Vrert i 
aaa By BS 
a] 3R/4 ae 
Be Be 
ah" HE 
TS8308 8, Be 
ah Hea 
8 8 


i 4 
Vv pone 
nee- I TIIII 
bee " Bs 
cE, ELL 
Bo Bo 
ae ALLEL 
B, 8, 
AGND PHASE OGNO 
JU JIU 
CLOCK CLOCK 
INPUT INPUT 
ANALOG ANALOG 
INPUT INPUT 
1 


: 100 nF (63 V) 


ke : 100 nF (63 V) 
7. 


+ 


£22 pF 116 V) 


: a 22 pF 16 V) 
AGND (6u0) S DGNO AGND (6x9) spcno oT 


TYPICAL TS8308 9 BIT RESOLUTION CONFIGURATION TYPICAL TS8308 8BIT RESOLUTION CONFIGURATION 
20 MHz SAMPLING RATE 40 MHz SAMPLING RATE 


dt Ab 
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CASE 


CB-68 


1 1 
J SUFFIX C SUFFIX P SUFFIX 
CERDIP PACKAGE CERAMIC-PACKAGE PLASTIC PACKAGE 


e = 2.54(2) 4.57 max. 
e e 


(1) Nominal dimension 
(2) True geometrical position 


, 24 pins 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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NOTES 
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VIDEO SPEED 8-BIT FLASH A-D CONVERTER 


The TS8328 is the minimal configuration (20 pins) of the TS8308 (24 pins) 
full flash ADC. 

This monolithic parallel A/D converter is designed for 2OMSPS conver- 
sion rate. Sampling is performed via a resistor ladder and 256 auto- 
balanced high speed and high accuracy comparators. Conversion is 
accomplished within one clock pulse. 

A very low input capacitance (less than 25 pF) and a low input dynamic 
range (1 V possible) allow a very easy drive of the TS8328. 


Typical characteristics: 


Single +5 V supply. 

+1 LSB integral non linearity. 

+0.5 LSB differential non linearity. 

20 MHz sampling rate. 

5 MHz input signal without sample and hold adjunction. 
Very low input capacitance (max 25 pF). 

All logic inputs and outputs are TTL compatible. 
Data output: 8-bit binary code. 

Output buffers for 8-bit data are 3-state type. 
Accuracy better than 6 mV. 

20 pins slim line package (0.3 inch). 


Typical applications: 


Pulse coding for high energy physics experiments. 

High speed data acquisition and instrumentation. 

TV and video digitizing. 

Radar pulse coding. 

Medical and industrial imaging. 

Optical recognition. 

All high speed A/D conversion applications where low power and low 
cost are required. 


BLOCK DIAGRAM 


255 comparators 
and latches 


$2 | 02 
= aed gy rh 


: 1] 
Ss osup 
+5 V analog +§ Vdigital Analog Digital 
functions functions GND GNO 
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HMOS2 


VIDEO SPEED 
8 BIT FLASH ADC 


CASE CB-194 


: 


J SUFFIX 
CERDIP PACKAGE 


1 


P SUFFIX 
PLASTIC PACKAGE 


* Ceramic package (C Suffix) is also available. 


PIN ASSIGNMENT 


Ref. 05135 


TS8328 


PIN DESCRIPTION 


Function | Description 
Soeecn: Eines 


By (LSB) Output data Tristate buffer outputs 
to 
Bg (MSB) 


First quarter reference Access to the first quarter reference voltage 


Tristate command Gomtiande the 3 state mode for data lines 
CE = "0" : 3 state 
CE = ‘'1” : data valid 


Lower reference Access to the lower reference valiaas A voltage source 
must be applied (or ground). 


ee The input signal is sampled on the falling edge of the 

clock. Output data are changing on the next rising edge. 
(Tete aarenateneeatn | 
A ee 


VreFt Upper reference Access to the upper reference voltage. A vottage source 
must be applied. 


3 R/4 pf Third quarter reference Access to the third quarter reference voltage. 


MAXIMUM/RATINGS 


Supply voltage -03to+7 | ov | 
Storage temperature ee - 60 to 150 ae 


Operating temperature Toper - 60 to 130 
Power supply current 10. !11. 114, lao 150 mA 
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ELECTRICAL CHARACTERISTICS 
Tamb=+ 25°C ASUP=DSUP=+5V  Vpept=+2V Veer =OV 


Characteristic 


Resolution 

Linearity error 
Differential linearity error 
Quantizing error 


Voltage supply 
Power dissipation (15 MHz) : Analog supply 
Digital supply 


‘Maximum sample rate 
Analog bandwidth 
Aperture jitter 


Reference ladder : 

Lower reference voltage 

Upper reference voltage ; VReF+ 
Full scale range Vrer+t - Vrer- 
Ladder resistance R 


Input capacitance 


Logic output low voltage 
high voltage 

Digital input low voltage 
high voltage 


TIMING DIAGRAM 
External clock 

| 
Auto-zero N N+1 ie | 

01 
Comparators } 

and ; . | 

latches Sampling N - 1 | 

| 0 
ROM acquisition : 
| | 

| 01 
Output master Renmnnartel } 


slave register N-1 N N+1 | 


Data available | 


Output 
data change 


Tp = 30 ns (max) 
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CASE CB-194 


J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 


(1) Nominal dimension 
(2) True geometrical position 


2 7,5 0) vi sis 


a v 
CB-194 
CEI DATA. JEDEC SITELESC 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 


Printed in France 
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25 MHz 8-BIT VOLTAGE OUTPUT D/A CONVERTER 


The TS8408 circuit is an 8-bit monolithic digital to analog converter 
incorporating latches for the logic inputs, designed for 25 MHz conver- 
sion rate. 

Implemented in HMOS2 technology the circuit contains an on-chip out- 
put amplifier, allowing loads as low as 75 Q, while the full scale setting 
time within 1/2 LSB is only 35 ns. The circuit is supplied between +5 V 
and —3 V. This converter offers an inherent monotonicity due to the struc- 
ture and an integral linearity of + 1/2 LSB. 


Differential linearity: +1/4 LSB error maximum. 
Integral linearity error: +1/2 LSB typ. 
Fast settling time: 35 ns typ. 
Digital inputs are TTL and CMOS compatible. 
No external output amplifier required. 
Loads: 75 Q min. 25 pF max. 
16-pin DIL package. 
Typical applications: 
e@ TV video digitizing. 
e Analog function generator. 
All high speed D/A conversion applications where low power and 
low cost are required. 


BLOCK DIAGRAM 


D4 D5 pD6 07 DGND DVpp 


ae _— a 


ES _— a 


a 
Resistor arra 
Input SO, 
and ig [ } 
register : amplifier 
switches 
a 
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25 MHz 
8-BIT VOLTAGE OUTPUT 
D/A CONVERTER 


CASE CB-79 


P SUFFIX 
PLASTIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 


Ceramic package (C Suffix) is also available. 


PIN ASSIGNMENT 


Réf. 05190 


TS8408 


PIN DESCRIPTION 


Access to the upper reference voltage. 
A voltage source must be applied 


_ Lower reference Access to the lower reference voltage. 
A voltage source must be applied (or ground) 


MAXIMUM RATINGS 


Rating dS vmod 


ELECTRICAL CHARACTERISTICS 
DVpp =AVpp =+5V AVeB=-3V VREF+=+2V_ VrReF-=OV 
Tamb =+ 25°C 


[_Characteriic——SS~*~*~*~S~sSSCSS mbt Min «|Tv Max | 
Ba CI TO = Se ee 

ltl — error. (Given values according to the "’best line’’) Pe ee Oe | ed SB. | 
[Differential linearityerror | | CO | 01 | 0.25 | LSB 
zero code outputvolage ——~—SC~S~S—~—~S*S~S~SsSSS «YO | 200 
aaa a=! SECC ea 
a OZ 
a 
[DiterentstgaineworSSCSC~“—*~—‘—‘—*—‘—s*“‘“‘“‘;~iTSS SCT dT 2 Cd 
Ttowerreterencevotage SSSS™~—~—~—~S~S~dSC mer «| | OT | 
[eer raterencevotege Ware [Sa 
PFullscalerengeSSSCSCS™S~S~*dC re] | 2 [TO 
Ice LD 
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ELECTRICAL CHARACTERISTICS (CONTINUED) 
DVpp =AVpp=+5V AVppB=-3V VREF+=1t2V_ VREF-=OV 


Tamb = + 25 °C 
Characteristic Symbol Min | Typ | Max | Unit | 
Positive anolog supply voltage 4.75 | 5 | 5625 | ve | 
Negative analog suppiyvotige ——=SSSSCSCSC*~C~rCSC 8B || | 
TDatelsuppiyvotee SSSCSC~“~*‘“~*~*~wCSC*«é iTS 
[Power desipaton (withoutioadandatmaximumdlocereaueney) | ep | _— | 140 | 200 [ mW 
TAnsiogsumivcuren Ss SSS*dYStw | | Tm 
High levelaignalinput ———OSSCSC~=“‘*‘“*~*“‘“‘“‘*~*sSC SP | 


A a el 


THoidtimeSeetimingd CEC | S| | Os 
sewing meter verde) Ss 
Tieck ule widthiow ee 
PteckpuiewamhighSSSSCSC~wS | 


Video output amplifier : 


Gain bandwith product 


Load capacitance (If a higher capacitor is applied, 
overshoot oscillations must be filtered ) 


N.B: To improve dynamic characteristics, no current limitation is provided in this device. 
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TIMING DIAGRAM 


(n)} INPUTS | {n +1) INPUTS 


| , (n +2) INPUTS | 
tsu tH | | 
| 
| _ | | 
| | | 
DIGITAL | 
INPUTS l 
| | | | Di 
| 
| 
| CLK 
EXTERNAL 
CLOCK | 
| 
ACQUISITION 
F in) INPUTS 


H 
INTERNAL 
CLOCK | 


TRANSMISSION 


2 (n) INPUTS 
: | 
COMPLEMENTARY 
PHASE | H 
| 
ANALOG | 
OUTPUT | 
| | Vout 
| | 
| | 
| “~ START OF | *- START OF 
CONVERSION CONVERSION 
(n) INPUTS (n +1) INPUTS 
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FUNCTIONAL DESCRIPTION 


e Circuit TS8408 includes the following: 


— anetwork of identical series resistors and related 
acces switches, 

— aclock circuit, 

— a logic part to store and decode digital inputs, 

— an output video amplifier. 


— The resistor network is built around a matrix with 
16 rows and 16 columns. This network includes 
256 taps and delivers 256 voltage references dis- 
tributed linearly between Va¢e and Vpe_r*. 

256 switches controlled in groups of 16 permit 
selection of the voltages corresponding to one 
column. 


16 switches each connected to 16 column selection 
switches are used for selecting one of the 16 voltages 
selected previously, the voltage which corresponds 
to the input digital combination. 

Two row andcolumn decoders control these switches. 


— The clock circuit reshapes the external clock to pro- 


vide 2 non overlapping internal clock phases. 


— Data are stored by means of 8 dynamic registers. 


Data are acquired on the falling edge of the external 
clock and output from the registers on the following 
rising edge. 


— The output video amplifier impedance stage mounted 


performs impedance matching between the resistor 
network and the output circuit. 


TYPICAL EVALUATION* CIRCUIT 


The general circuit used to evaluate the converter in 
typical conditions (8 bits - 25 MHz) is shown on the next 


page. 
e Voltage references: 


— The converter requires a negative power supply 
(AVpp) of —3 V generated by the circuit from the 
power supply voltage (—5 V), transistor ICs and 
resistors Re, Ra, Ra. 

— The converter requires a positive reference vol- 
tage (Vper*) lying between 1 V and 2.5 V (typ: 
2 V) and a negative reference voltage (Vrer ) 
lying between —0.5 Vand 1 V(typ:0 V) which are 
generated by the circuit (+2.5 Vand—2.5 V) from 
the power supplies (+5 V and —5 V), the preci- 
sion regulation diodes IC7 and |Cgand resistors Rs 
and Ro. 


e Converter reference voltages 
From the previous voltage references (+2.5 V and 
—2.5 V) the circuit generates the converter positive 
(Vref*) and negative (VpgF ) referencre voltages as 
indicated on the diagram. 


e Up/Down count: 


— Automatic operation (dynamic): 
The circuit allows the converter to convert voltage 
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ramps with positif (up count) or negative (down 

count) slopes up to frequencies exceeding 25 MHz. 
— Manual operation (static): 

The circuit is used to check converter static opera- 

tion by sending to its digital inputs the 256 possi- 

ble binary combinations (from O to 255) with 

8 bits. 


Overvoltage protection. 

Unidirectional protection transits (IC9 and IC10) pro- 
tect the converter from possible power supply 
overvoltages. 


Electrical considerations. 

Anumber of elementary precautions should be taken 
in the component layout when using high frequen- 
cies. 

These are the following: 


— ground plane for the components, 

— single ground reference point, 

— star-distributed power supplies to prevent loop- 
ing, 

— maximum capacitive uncoupling as close as pos- 
sible to the circuits. _ 


For typical application circuit, the same surroundings 
can be used. 


TS8408 


TYPICAL EVALUATION CIRCUIT 
(continued) 


AS— 


AG+ AG+ 


Vv 


mMOwyHOgIVO?) 


TWNOIS 


9 IWANV 
ony 


ey 


AG+ 


919 


BLO 
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TS8408 


TYPICAL EVALUATION CIRCUIT (CONTINUED) 


Component 


R7 


C7 


Component 


472 (1/4 w) Ci 


0 
7 


12 KQ (1/4 w) 
5.6 KQ (1/4 w) Ci 


oe 2 KQ (1/4 w) 
4.7 KQ (resistor array) 


10 KQ (multiturn) 
10 KQ (multiturn) 
C3 
IC7 


1 (25 v) tantalum 
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Value 
100nf (50 v) 
1 wf (25 v) tantalum 
100 nf (50 v) 
1 wf (25 v) tantalum 
100 nf (50 v) 
100 nf (50 v) 
100 nf (50 v) 
1 Uf (25 v) tantalum 
~ 100 nf (50 v) 
1 wf (25 v) tantalum 
74 F 193 
74 F 193 
TS 8408 
2N 2369 
TDB’0084 
TDB 0136 
TBD 0136 
TG MP5 
TG MP5 


TS8408 


CASE 
CB-79 


; P SUFFIX J SUFFIX 
PLASTIC PACKAGE CERDIP PACKAGE 


(1) Nominal dimension 
{2) True geometrical position 


AS5OE Fur th 
THOMSON 
CEI JEDEC SITELESC SEMICONDUCTE URS 


These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages 
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TS8428 


5 MHz 8-BIT VOLTAGE OUTPUT D/A CONVERTER 


HMOS2 


5 MHz 
8-BIT VOLTAGE OUTPUT 
D/A CONVERTER 


The TS8428 circuit is an 8-bit monolithic digital to analog converter 
incorporating latches for the logic inputs, designed for 5 MHz conversion 
rate and implemented in HMOS2 technology. The TS8428 can be com- 
pared to a digital potentiometer with an output resistance Ro 4 = 3kQ. 
The circuit is supplied between +5 V and GND. This converter offers an 
inherent monotonicity due to the structure and an integral linearity better 
than + 1/2 LSB. 


CASE CB-79 


e Differential linearity: +1/4 LSB error maximum. 
e@ Integral linearity error: +1/2 LSB typ. 

e@ Single power supply: +5 V. 

e Digital inputs are TTL and CMOS compatible. 

e 16 pins DIL package. 


Typical applications: 


P SUFFIX 


e Digitally controlled potentiometer. PLASTIC PACKAGE 


e Analog function generator. 
e All high speed 8-bit DAC where very low power and low cost are 
required . 


_ J SUFFIX 


BLOCK DIAGRAM - CERDIP PACKAGE 


D4 D5 D6 D7 DOcnp °Vpp 
ae - - * Ceramic package (C suffix) is also available 
Input 
register 
| 
Resistor array 
J 


PIN ASSIGNMENT 


and 
switches 


Ref. 05145 
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TS8428 


PIN DESCRIPTION 


[rene [we [wen [me [On 


Vrert Upper reference Access to the upper reference voltage. 
A voltage source must be applied 
VREF- Lower reference Access to the lower reference voltage. 
A —— source must be applied (or ground) 
Le ee Digital ground 


Do (LSB) Digital input 
to 
D7 (MSB) 


i on A =< SARE 


FUNCTIONAL DESCRIPTION 


e Circuit TS8428 includes the following: 16 switches each connected to 16 column selection 
switches are used for selecting out of the 16 voltages 
selected previously, the voltage which corresponds to 
the input digital combination. 

Two row and column decoders control these switches. 


— a network of identical series resistors and related 
access switches, 

— aclock circuit, 

— a logic part to store and decode digital inode: 


The resistor: network is built around a matrix with The clock circuit reshapes the external clock to provide 
16 rows and 16 columns. This network includes 256 2 non overlapping internal clock phases. 

taps and delivers 256 voltage references distributed 

linearly between VREF and VREF’. 256 switches con- Data are stored by means of 8 dynamic registers. Data 
trolled in groups of 16 permit selection of the voltages are acquired on the falling edge of the external clock and 
corresponding to one column. output from the registers on the following rising edge. 


MAXIMUM RATINGS 


[rating dmb Valve [unit 
Vpp wih respecttoVano | Ovpp | -oavra |v | 
[Operating temperature | Toner | 070 | | 
[Storage temperature «| —itatg (| ado 28 | ce _—| 
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TS8428 


ELECTRICAL CHARACTERISTICS 
DVpp=+5V VrefF+=+2V VpRer-=OV 
Tamb =+25°C 


[Characteristic ———SSS*d;SCSymbol| “Min. | Typ | Mex | Unit 
[Resouton SS TCSCSC~C~SSC“‘i‘iY dT | 8 | Cd OY 

Integral linearity error. (Given values according to the “‘best line”) a ee Es eee 
[Ditfrentaliineariveror STS C«|=S «Ct '| Ome | USB 
————— 


See 
—_ video amplifier, 5 oF load) 
[Minimumetoektrequeney—SC*dY Se |S dC 

Lower TLowerreferencevoltage = ss—“‘i‘“‘*s*~*~*” | Lowerreferencevoltage == = = = | re 
[Uperreterence vonage SSC*d;Cer# «| S| | TCC 
[Fullscclerenge SS SSSSSCS*~*~*~SCSC*d M+ ~ Veer | 1 | 2 | 8 «| CVC 
ee 
a 


| Digitalsupplycurrent == ssi—isidY waist current 


nel A a ire 
maximum clock laa 

| Setup time. (Seetiming) 0 time. (See — 

[a FO Se A LR Sea 
[cock puisewidthiow CdS om | | | dC 
SC a 
Ttowieveldigtatint CdS | (| — (| 08 | 
PG 
[Digital input leakane current CTS | | — | OC A 
[ Piatetinoucapactance CNT | — (| OL 


*Maximum conversion rate is only limited by the output resistor (3 KQ typ.) and capacitive load 
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TS8428 


TIMING DIAGRAM 


(n) INPUTS © | (n +1) INPUTS (n +2) INPUTS 


| 
tsu |) 1H | 
| 
| 


DIGITAL 
INPUTS 
Di 
CLK 

EXTERNAL 
CLOCK | 

ACQUISITION 

(n) INPUTS 


| H 
INTERNAL 
CLOCK | 


TRANSMISSION 


(n) INPUTS _ 4 
COMPLEMENTARY , 
PHASE | | a 
| 
ANALOG | 
OUTPUT | 
| 
| | Vout 
| | 
| | 
| START OF | START OF 
CONVERSION CONVERSION 
(n) INPUTS (n +1) INPUTS 
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TS8428 


CASE 
CB-79 


1 


P SUFFIX 
PLASTIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 


(1) Nominal dimension 
(2) True geometrical position 


These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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CHAPTER 5 - DATA COMMUNICATIONS 


Lato MK68590 (P,N) 


hee A \Y LOCAL AREA NETWORK 
SS CONTROLLER FOR ETHERNET 


COMMUNICATIONS PRODUCTS 


O- 


FEATURES 


1 100% compatible with Ethernet and IEEE 802.3 
specifications 


1 Data packets moved by block transfers over a 
processor bus (on-board DMA controller 24-bit linear 
address space) 


Buffer management 


Packet framing 


Preamble and Cyclic Redundancy Check (CRC) 
insertion 


Preamble stripping and CRC verification 


[1 General 16-bit microprocessor bus interface com- 
patible with popular processors (68000, 8086, 
Z8000, LSI-11) 


1) Cable fault detection 
| Figure 1. MK68590 


CiMulticast logical address filtration st Meee eer erent eT ON, CEO IE LS err 


O Collision handling and retry 


Vss 1 e 48 Vcc 
1 Scaled N-channel MOS VLSI technology DALO7 = 2 47 DALO8 
DALO6 3 46 DALOS 
" ; 45 DAL10 
1) 48-pin DIP aes ; 44 DALI1 
DALO3 6 43 DAL12 
O Single 5-volt power supply DALO2. 7 42  DAL13 
DALO1 8 41 DAL14 
H DALOO 9 40 DAL15 
1 Single phase TTL level clock a (ae eo. AG 
: ; INTR 11 38 A117 
C1 All inputs and outputs TTL compatible DALI 12 MK68590 37 A18 
’ DALO 13 36 A19 
1 Completely compatible with companion Serial Inter- Pgs eb: eae 
P BMO/BYTE 15 34 A21 
face Adapter (SIA) chip MK68591/2. 33 A22 


DESCRIPTION 


The MK68590-LANCE™ (Local Area Network Con- 
troller for Ethernet) is a 48-pin VLSI! device that simpli- 
fies the interfacing of a microcomputer or a Vss 24 25 TCLK 
minicomputer to an Ethernet Local Area Network. This 
chip operates in a local environment that includes a 
closely coupled memory and microprocessor. The 
LANCE uses scaled N-channel MOS technology and 
is compatible with several microprocessors. 


Figure 2. LANCE Pin Assignment 


LANCE is a trademark of Thomson Components - Mostek Corporation. 


PIN DESCRIPTION 


DALO0-DAL15 

(Data/Address Bus) 

Input/Output Three State. The time ‘rillipieses ‘Ad- 
dress/Data bus. These lines will be driven as a bus 
master and as a mus eave 


READ 

Input/Output Three State. isdisaies the type of opera- 
tion to be performed in the current bus cycle. When it 
is a bus master, LANCE drives this signal. 


LANCE as bus slave: 
High - The chip places data on the DAL lines. 
Low - The chip takes data off the DAL lines. 
LANCE as bus master: 
High - The chip takes data off the DAL lines. 
Low - The chip places data on the DAL lines. 


INTR 

(Interrupt) 

Output Open Drain. When enabled, an attention sig- 
nal that indicates the occurrence of one or more of the 
following events: a message reception or transmission 
has completed or an error has occurred during the 
transaction; the initialization procedure has completed; 
or amemory error has been encountered. Setting INEA 
in CSRO (bit 06) enables INTR. 


DALI 

(Data/Address Line In) 

Output Three State. An external bus transceiver con- 
trol line. When LANCE is a bus master and reads from 
the DAL lines, DALI is asserted during the data portion 
of the transfer. 


DALO 

(Data/Address Line Out) 

Output Three State. An external bus transceiver con- 
trol line. When LANCE is a bus master and drives the 
DAL lines, DALO is asserted during the address por- 
tion of a read transfer or for the duration of a write 
transfer. 


DAS 

(Data/Strobe) 

Input/Output Three State. Defines the data portion of 
the bus transaction. DAS is driven only as a bus master. 


BMO, BM1 or BYTE, BUSAKO 

(Byte Mask) 

Output Three State. Pins 15 and 16 are programmable 
through bit (00) of CSR3 (known as BCON). Asserting 
RESET clears CSR3. 


f BCON = 0 
PIN 16 = BM1 (Output Three State) 
PIN 15 = BMO (Output Three State) 


. BM1 . 


BMO, BM1 Byte Mask. Indicates the byte(s) of a bus 
transaction to be read or written. The BM lines are - 
ignored as @ bus slave-and assume word transfers only. 
The LANCE drives the BM lines only when it is a bus . 
master. Byte sided occurs as follows: =~ 


BO 


Whole Word eo” 
Byte of DAL 08 - DAL 15 
Byte of DAL 00 - DAL 07 
None 


Low « 
Low 

High 
High 


BUSAKO (Output) 
BYTE (Output Three State) | 


BYTE. An alternate byte selection line. Byte selection 
occurs when the BYTE and DAL (00) lines are latched 
during the address portion of the bus transaction. 
BYTE, BMO and BM1 are ignored when LANCE is a bus 
slave. There are two modes of ordering bytes depend- 
ing on bit (02) of CSR3, (known as BSWP). This 
programmable ordering of upper and lower bytes when 
using BYTE and DAL (00) as selection signals is re- 
quired to make the ordering compatible with various 
16-bit microprocessors. ° 7 


BSWP =0 #£BSWP = 
BYTE DAL(00) BYTE DAL(00) 
Low Low Low Low Whole Word 
Low High Low High Illegal Condition 
High High High Low Upper Byte 
High Low High High Lower Byte 


BUSAKO. The DMA daisy chain output. 


HOLD/BUSRQ 

(Bus Hold Request) 

Input/Output Open Drain. LANCE asserts this signal 
when it requires access to memory. HOLD is held low 
for the entire bus transaction. This bit is programma- 
ble through bit (00) of CSR3 (known as BCON). In the 
daisy chain DMA mode (BCON = 1) BUSRQ is assert- 
ed only if BUSRQ is inactive prior to assertion. Bit (00) 
of CSR3 is cleared when RESET is asserted. 


CSR3(00) BCON = 0 
PIN 17 = 4 (Output Open Drain) 
CSR3(00) BCON = 
PIN 17 = BUSRO (Output Open Drain) 
BUSRO will be asserted only if PIN 17 is high prior 
to. assertion. 


ALE/AS  _ 

(Address Latch Enable) 

Output Three State. Used to demultiplex the DAL lines 
and define the address portion of the bus cycle. This 


pin is programmable through bit (01) of CSR3. As ALE, 
the signal transitions from high to low at the end of the 
address portion of the bus the address portion of the 
bus transaction and remains low during the entire data 
portion of the transaction. As AS, the signal transitions 
from low to high at the end of the address portion of 
the bus transaction and remains high throughout the 
entire data portion of the transaction. The LANCE drives 
the ALE/AS line only as a bus master. 


CSR3(01) ACON = 0 


PIN 31 = ALE 
CSR3(01) ACON = 

PIN 31 = AS 
HLDA 


(Bus Hold Acknowledge) 

Input. A response to HOLD indicating that the LANCE 
is the Bus Master. HLDA stops its response when HOLD 
ends its assertion. 


cs 

(Chip Select) 

Input.. When asserted, CS indicates LANCE is the slave 
device of the data transfer. CS must be valid throughout 
the data portion of the bus cycle. 


ADR 

(Register Address Port Select) 

Input. When CS is asserted, ADR indicates which of the 
two register ports is selected. ADR must be valid 
throughout the data portion of the bus cycle. 


ADR PORT 

Low Register Data Port 
High Register Address Port 
READY 


Input/Output Open Drain. When the LANCE is a bus 
master, READY is an asynchronous acknowledgement 
from external memory that will complete the data trans- 
fer. As a bus slave, the chip asserts READY when it has 
put data on the bus, or is about to take data off the bus. 
READY is a response to | DAS. READY negates after 
DAS negates. Note: If DAS or CS deassert prior to the 
assertion of READY, READY cannot assert. 


RESET 
Input. Bus reset signal. Causes LANCE to cease oper- 
ation and to enter an idle state. 


TLCK 

(Transmit Clock) 

Input. Normally a free-running 10 MHz clock (crystal- 
controlled within 0.01% accuracy). 


TENA 

(Transmit Enable) 

Output. Transmit Output Stream Enable. A level 
asserted with the transmit output bit stream, TX, to ena- 
ble the external transmit logic. 


RCLK 

(Receive Clock) 

Input. Normally a 10 MHz square wave synchronized 
to the receive data and present only while receiving an 
input bit stream. 


CLSN 

(Collision) 

Input. A logical input that indicates that a collision is 
occurring on the channel. 


TX 
(Transmit) 
Output. Transmit output bit stream. 


RENA 

(Receive Enable) 

Input. A logical input that indicates the presence of data 
on the channel. 


RX 
(Receive) 
Input. Receive input bit stream. 


A16-A23 

(High-Order Address Bus) 

Output Three State. The additional address bits neces- 
sary to extend the DAL lines to produce a 24-bit ad- 
dress. These lines will be driven only as a bus master. 


vcc 
Power supply pin. +5 VDC +5 percent. 


vss 
Ground. 0 VDC. 


FUNCTIONAL CAPABILITIES 


The LANCE interfaces to a microprocessor bus charac- 
terized by time-multiplexed address and data lines. Typi- 
cally, data transfers are 16 bits wide but byte transfers 
occur if the buffer memory address boundaries are odd. 
The address bus is 24 bits wide. 


The Ethernet packet format consists of 64-bit pream- 
ble, a 48-bit destination address, a 48-bit source ad- 
dress, a 16-bit type field, and from a 46 to 1500 byte 
data field terminated with a 32-bit CRC. The packets’ 
variable widths accommodate both short-status com- 
mand and terminal traffic packets and long data pack- 
ets to printers and disks (1024-byte disk sectors, for 
example). Packets are spaced a minimum of 9.6 psec 
apart to allow one node enough time to receive back- 
to-back packets. 


The LANCE operates in a minimal configuration that 
requires close coupling between local memory and a 
processor. The local memory provides packet buffering 


for the chip and serves as a communication link be- 
tween chip and processor. During initialization, the con- 
trol processor loads the’ starting address of the 
initialization block plus the operating mode of the chip 
via two ports that can access four control registers into 
LANCE. The host processor talks directly to LANCE 


only during this initial phase. All further communications 
are handled via a Direct Memory Access (DMA) 
machine under microword control contained within 
LANCE. Figure 3 shows a block diagram of the LANCE 
and SIA device used to create an Ethernet interface for 
a computer system. 


ss. 


MICROPROCESSOR 


¢ MK68200 
¢ MK68000 
e 18086 

e Z8000 

e LSI-11 

° 711 


LOCAL AREA 
NETWORK 
CONTROLLER FOR 
ETHERNET 


ocw FBmAaAnN<HM BWmMAcCVSEOO 


16-DATA SERIAL 8 
INTERFACE 
ADAPTER 


24-ADDRESS (LANCE) (SIA) 


TRANSCIEVER 
CABLE 


ETHERNET 
NETWORK 
CABLE 


LOCAL 
MEMORY 


NETWORK INTERFACE MODULE 


| Figure 3. Ethernet Local Area Network System Block Diagram 
sneer 
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FUNCTIONAL DESCRIPTION 
SERIAL DATA HANDLING 


LANCE provides the Ethernet interface as follows. In 
the transmit mode (since there is only one transmission 
path, Ethernet is a half duplex system), the LANCE 
reads data from a transmit buffer by using DMA and 
appends the preamble, sync pattern (two ones after al- 
ternating ones and zeros in the preamble), and calcu- 
lates and appends the complement of the 32-bit CRC. 
In the receive mode, the destination address, source 
address, type, data, and CRC fields are transferred to 
memory via DMA cycles. The CRC is calculated as data 
and transmitted CRC is received. At the end of the pack- 
et, if this calculated CRC does not agree with a 
constant, an error bit is set in RDM1 of the receiver 
descriptor ring. In the receive mode, LANCE accepts 
packets under four modes of operation. The first mode 
is a full comparison of the 48-bit destination address 
in the packet with the node address that was 
programmed into the LANCE during an initialization cy- 
cle. There are two types of logical addresses. One is 
a group type mask where the 48-bit address in the pack- 
et is put through a hash filter in order to map the 48-bit 
physical addresses into 1 of 64 logical groups. This 
mode can be useful if simultaneously sending packets 
to all of one type of a device on the network. (i.e., send 
a packet to all file servers or all printer servers). The 
second logical address is a multicast address where 
all nodes on the network receive the packet. The last 
receive mode of operation is the so called ‘‘promiscu- 
ous mode” in which a node will accept all packets on 
the cable regardless of their destination address. 


COLLISION DETECTION AND IMPLEMENTATION 


The Ethernet CSMA/CD network access algorithm is 
implemented completely within LANCE. In addition to 
listening for a clear network cable before transmitting, 
Ethernet handles collisions in a predetermined way. 
Should two transmitters attempt to seize the network 
cable at the same time, they will collide, and the data 
on the network cable will be garbled. LANCE is con- 
stantly monitoring the Collision (CLSN) pin. This sig- 
nal is generated by the transceiver when the signal level 
on the network cable indicates the presence of signals 
from two or more transmitters. If LANCE is transmitting 
when CLSN is asserted, it will continue to transmit the 
preamble (collisions normally occur while the pream- 
ble is being transmitted), then will ‘jam’ the network 
for 32 bit times (3.2 microseconds). This jamming en- 
sures that all nodes have enough time to detect the col- 
lision. The transmitting nodes then delay a random 
amount of time according to the “truncated binary back- 
off” algorithm defined in the Ethernet specification to 
minimize the probability of the colliding nodes having 
multiple collisions with each other. After 16 abortive at- 
tempts to transmit a packet, LANCE will report a RTRY 
error due to excessive collisions and step over the trans- 
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mitter buffer. During reception, the detection of a colli- 
sion causes that reception to be aborted. Depending 
on when the collision occurred, LANCE will treat this 
packet as an error packet if the packet has an address 
mismatch, as a runt packet (a packet that has less than 
64 bytes), or as a legal length packet with a CRC error. 


Fatal error reporting is provided by LANCE through a 
microprocessor interrupt and error flags in CSRO. 
Significant error conditions are late collision on received 
data, transmitter on longer than 1518 bytes, missed 
packet, and memory error (in which the memory did not 
respond, READY did not assert, to a memory cycle 
request). 


Additional errors are reported through bits in the 
descriptor rings (on a buffer by buffer basis). Receive 
error conditions include framing, CRC and buffer errors, 
and overflow. Transmit descriptor rings have error bits 
indicating buffer, underflow, late collision, and loss of 
carrier. Additionally, transmit descriptor rings have a bit 
indicating that the transmitter has unsuccessfully tried 
to transmit over a busy communication link. 


Transmit descriptor rings also have nine bits reserved 
for a Time Domain Reflectometry counter (TDR). On the 
occurrance of a collision, the value in the TDR will give 
the number of system clocks until the collision, which 
can be used to determine the distance to the fault. 


BUFFER MANAGEMENT 


A key feature of the LANCE and its DMA channel is the 
flexibility and speed of communication between the 
LANCE and the host microprocessor through common 
memory locations. The basic organization of the buffer 
management is a circular queue of tasks in memory 
called descriptor rings, as shown in Figure 4. These 
rings control both transmit and receive operations. Up 
to 128 tasks may be queued on a descriptor ring for ex- 
ecution by the LANCE. Each entry in a descriptor ring 
holds a pointer to a data memory buffer and an entry 
for the data buffer length. Data buffers can be chained 
or cascaded to handle a long packet in multiple data 
buffer areas. The LANCE searches the descriptor rings 
to determine the next empty buffer. This enables it to 
chain buffers together or to handle back-to-back pack- 
ets. As each buffer is filled, an ‘‘own”’ bit is reset, sig- 
naling the host processor to empty this buffer. 


MICROPROCESSOR INTERFACE 


The parallel interface of LANCE has been designed to 
be “friendly”, or easy to interface, to many popular 16-bit 
microprocessors. These microprocessors include the 
MK68000, Z8000, 8086, LSI-11, T-11, and MK68200 (the 
MK68200 is a 16-bit single chip microcomputer 
produced by Mostek, the architecture of which is mo- 
deled after the MK68000). LANCE has a wide 24-bit 
linear address space when in the Buster Master Mode, 


allowing it to DMA the entire address space of the above 
microprocessors. LANCE uses no segmentation or 
paging methods. As such, LANCE addressing is closest 
to MK68000 addressing, but is compatible with the 
other microprocessors. When LANCE is a bus master, 
a programmable mode of operation allows byte 
addressing, either by employing a Byte/Word control 
signal (much like that used on the 8086 or the Z8000) 
or by using an Upper Data Strobe/Lower Data Strobe 
much like that used on the MK68000, LSI-11 and 
MK68200 microprocessors. A programmable polarity on 
the Address Strobe signal eliminates the need for 
external logic. LANCE interfaces with multiplexed and 


demultiplexed data busses and features control signals 
for address/data bus transceivers. 


After the initialization routine, packet reception or trans- 
mission, transmitter timeout error, a missed packet, or 
memory error, LANCE generates an interrupt to the host 
microprocessor. 


The cause of the interrupt is ascertained by reading 
CSRO. Bit (06) of CSRO, INEA, enables or disables 
interrupts to the microprocessor. In a polling mode, BIT 
(07) of CSRO is sampled to determine when an inter- 
rupt causing condition occurred. 


LANCE CSR REGISTERS 


POINTER TO INITIALIZATION 
BLOCK 


> 


VERA 


INITIALIZATION 
BLOCK 


MODE OF OPERATION 


PHYSICAL ADDRESS 


AOA 


ee 


LOGICALADDRESS FILTER 
POINTER TO RECEIVE RINGS 
NUMBER OF RECEIVE ENTRIES 
POINTER TO TRANSMIT RINGS 
NUMBER OF TRANSMIT ENTRIES 


RECEIVE DESCRIPTOR RINGS 


ODRESS OF RECEIVE BUFFER O 
UFFER OSTATUS 


BUFFER OBYTE COUNT 


| +B _ i 


RECEIVE BUFFER 


DATA 
PACKET 0 


DATA 
PACKET 


DATA 
PACKET 
N 


TRANSMIT DESCRIPTOR RINGS 


TRANSMIT BUFFER 


\AN 


ADDRESS OF TRANSMIT BUFFERS 0 


\\ 


AR 


BUFFER 0 STATUS 


BUFFER O BYTE COUNT 


AWN 


DATA 
PACKET 0 


DATA 
PACKET 
1 


DATA 
PACKET 
N 


LANCE INTERFACE DESCRIPTION 


ALE, DAS and READY time all data transfers from the 
LANCE in the Bus Master mode. The automatic adjust- 
ment of the LANCE cycle by the READY signal allows 
synchronization with variable cycle time memory due 
either to memory refresh or to dual port access. Bus 
cycles are a minimum of 600 ns long and can be 
increased in 100 ns increments. — 


READ SEQUENCE 


At the beginning of a read cycle, valid addresses are 
placed on DALOO-DAL15 and A16-A21. The BYTE Mask 
signals (BMO and BM1) become valid at the beginning 
of this cycle as does READ, indicating the type of cy- 
cle. The trailing edge of ALE or AS strobes the 
addresses AO-A15 into the external latches. Approxi- 
mately 100 ns later, DALOO-DAL15 go into a three state 
mode. There is a 50 ns delay to allow for transceiver 
turnaround, then DAS falls low to signal the beginning 
of the data portion of the cycle. At this point in the cy- 
cle, the LANCE stalls waiting for the memory device to 
assert READY. Upon assertion of READY, DAS makes 
a transition from a zero to a one, latching memory data. 
(DAS is low for a minimum of 200 ns). 


The bus transceiver controls, DALI and DALO, control 
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the bus transceivers. DALI signals to strobe data toward 
the LANCE and DALO signals to strobe data or addres- 
ses away from the LANCE. During a read cycle, DALO 
goes inactive before DALI goes active to avoid “spiking” 
of bus transceivers. 


WRITE SEQUENCE 


The write cycle begins exactly like a read cycle with the 
READ line remaining inactive. After ALE or AS pulse, 
the DALOO-DAL15 change from addresses to data. DAS 
goes active when the DALOO-DAL15 are stable. This 
data remains valid on the bus until the memory device 
asserts READY. At this point, DAS goes inactive, 
latching data into the memory device. Data is held for 
75 ns after the negation of DAS. 


LANCE INTERFACE DESCRIPTION — BUS SLAVE 
MODE 


The LANCE enters the Bus Slave Mode whenever CS 
becomes active. This mode must be entered whenever 
writing or reading the four status control registers 
(CSRO, CSR1, CSR2, and CSR3) and the register ad- 
dress pointer (RAP). RAP and CSRO may be read or 
written to at any time, but the LANCE must be stopped 
(CSRO bit 02) when CSR1, CSR2, or CSR3 is to be writ- 
ten to or read. 


MK68590 ELECTRICAL SPECIFICATION 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under BiaS......... 0.0... ccc ce cee een tent n eee n eens -25°C to +125°C 
wlOlage “IGM (EWG 4 ss3.5<4-46uu ba5 Sek ves a de kans We kaeae sandy 44 baeds EAN eee Re —65°C to +150°C 
Voltage on Any Pin with Respect to Ground......... 0.0.0... ccc eee eens -—03 V to +7 V 
POWESr DD ISsiDallON a4 424 8eh 4s dace oda, sa odsacne ees dercarees aes ese eu cart ieee pee 2.0 W 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS 
T,=0°C to 70°C, Veg = +5 V +5 percent unless otherwise specified. 


a 


@ Vi, = 04 to Veg 


CAPACITANCE 
F=1 MHz 


SYMBOL; PARAMETER 
a 


AC TIMING SPECIFICATIONS 
Ta = 0°C to 70°C, Vog = +5 V +5 percent, unless otherwise specified. 


AC TIMING SPECIFICATIONS (Continued) 
T, = 0° to 70°, Veo = +5 V +5 percent, unless otherwise specified. 


TEST TYP | MAX 
SIGNAL |SYMBOL | PARAMETER CONDITIONS (ns) | (ns) 
TX Ttpp TX data propagation delay after the CL=50 pf 
rising edge of TCLK 
TX TTpH TX data hold time after the rising CL=50 pf 
edge of TCLK 


[ROKpeies ——SSSCSC~—CSC‘“C*~‘“‘*~rt SSS 
a 
ra [ACU Tro, [FCKwine SSCS 
Te [RCUK [Tron [Rete fAGK—SSSCSSSSCSCSC~iC TCS 
Fw [RGLK [Ter [Faltine fAGK SYSOP 
Ea A A A 
RX data falltime = data fall time 


17 | RX TepH RX data hold time Se Oe Oe to RX 
data change) 
18 | RX Trps RX data setup time (RX data stable to See 
(See Note)| the rising ah of Aue Note 
RENA | Teeny | RENA hold time after 
rising caida of RCLR 
TporrF Bus master driver disable after rising 
edge of HOLD 
Al Tpon Bus master driver enable after falling 
| edge of HLDA 
THHA Delay to falling edge of HLDA from 
falling edge of HOLD (bus master) 
ESET ESE Tpuise width low 


Tyas Address setup time to the falling edge of 75 

ALE 
Address hold time after the rising edge 35 
of DAS 

Tas Address setup time to the falling edge 75 
of ALE 

TaH Address hold time after the falling 35 
edge of ALE 


Tapas Data setup time to the rising edge 50 
of DAS (bus master read) 


& 
S 
> 
> 


UO 
> 
— 


5 


a!) 


ian 
— 
mid 
T= 
a 


O 


8] 8] 8) 8 Sata ates 
N = (é¥) 
O O O > > 
> > > ez 
— [— = > 
: 


® 
= 


NOTE: Traps (min) = Tact — 25 ns. Therefore, TRcT = 100 ns when Taps (min) = 75 ns. 
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AC TIMING SPECIFICATIONS (Continued) 
Ty = 0° to 70°C, Vog = +5 V +5 percent, unless otherwise specified. 


TEST TYP 
SIGNAL | SYMBOL | PARAMETER CONDITIONS (ns) 
DAL TrpaH | Data hold time after the rising edge of 
DAS (bus master read) 


TsrpH | Data hold time after the rising edge 
of DAS (bus slave read) 


DAL TswoH | Data hold time after the rising edge 
of DAS — slave write) 


ce ALE TpALE RE ee from rising edge of DAS to 
the ree wae of ALE 


DAS Tapas Ce from the falling edge of ALE to the 130 
falling edge of DAS | 
45 | DAS TRIDE Delay from the rising edge of DALO to the 15 
falling edge of DAS (bus master read) 
46 | DAS Troys _| Delay from the falling edge of READY Taryd= 
to the rising edge of DAS 300 ns 
47 | DALI TroiF Delay from the rising edge of DALO to 15 
the falling edge of DALI (bus master read) 
DALI Tris DALI setup time to the rising edge 135 
of DAS (bus master read) 
| 49 | DALI Trin DALI hold time after the rising a 
of DAS (bus master read) 
DALI TrRIoF Delay from the rising edge of DALI to the 
falling edge of DALO (bus master read) 
51 DALO setup time to the falling edge 
of ALE (bus master read) 
Trou DALO hold time after the falling edge 
of ALE (bus master read) 


2 


Twos! Delay from the rising edge of DAS to the 
rising edge of DALO (bus master write) 
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AC TIMING SPECIFICATIONS (Continued) 
T, = 0° to 70°C, Veg = +5 V +5 percent, unless otherwise specified. 


TEST 
~ SIGNAL | SYMBOL | PARAMETER CONDITIONS 4 (ns) 4 
cs. Tosy _ | CS hold time after the rising edge of DAS 
(Bus slave) 
cs Toss CS setup time to the falling edge of DAS 
(Bus slave) 
ADR Tsay ADR hold time after the rising edge of 
DAS (Bus slave) 
57 | ADR Tsas ADR setup time to the falling edge of 
DAS (Bus slave) | 


READY | Tapryp _ | Delay from the falling edge of ALE 
to the falling edge of READY to insure a 
minimum bus cycle time (600 ns) 
READY | Tsapg__| Data setup time to the falling edge of 7 
| READY (Bus slave read) 
READY | Tapyy | READY hold time after the rising edge 
of DAS (Bus master) 
READY | Tspro; READY driver turn on after the falling (CSR 0,3, RAP) 
edge of DAS (Bus slave) 
READY | Tsroe READY driver turn on after the falling (CSR 1,2) 1400 
edge of DAS (Bus slave) 
READY | Tspy4 | READY hold time after the rising 35 
edge of DAS (Bus slave) 
READ | Tspy READ hold time after the rising 
edge of DAS (Bus slave) 
READ Tsrs READ setup time to the falling 
edge of DAS (Bus slave) 
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TEST Vv 
POINT ee 


Ry, = 1.2K 
CR,-CR, _1N914 OR EQUIVALENT 


FROM OUTPUT 


UNDER TEST C, = 100pf min @ 1 MHz 


NOTE: This load is used on DALOO through DAL15, READ, DAL!, DALO, DAS, BMO, BM1, ALE/AS, A16 through A23; TENA, and TX. 


Figure 5. Output Load Diagram 


Voc 
R; = 1.4K 
FROM OUTPUT 
UNDER TEST 
T . 


NOTE: This load is used on open drain outputs INTR, HOLD/BUSRQ, and READY. 


Figure 6. Open Drain Output Load Diagram. 
EEE 
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TENA 


nqe 


OUTPUT 2.0V 
INPUT 2.0V 
FLOAT 


NOTE: Timing measurements are made at the following voltages unless otherwise specified. 


Figure 7. Serial Link Timing Diagram - SIA Interface Signals 
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HOLD 
HLDA 
A 16-23 Y 


YY, ADDRESS ) 
ALE ner NS soe 


“4 46 


> 


READY 


30 
| 
ee 1, CLS), ) 


DALO 
(WRITE) 


DALI 

(WRITE) 

READ 

(WRITE) | 


eset IDK sore No TB 


DALO 


(READ) 
45 
48 


DALI 
(READ) 


READ 
(READ) 


BM 0.1 


NOTE: The Bus Master cycle time will increase from 
a minimum of 600 ns in 100 ns steps until 
the slave device returns READY. 


Figure 8. LANCE Bus Master Timing Diagram 


LL 


5-14 


— P| 57 56 


\ 
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READ 
(READ) 
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ae 1 


READ 
(WRITE) 


DALO-15 
(WRITE) 


Figure 9. LANCE Bus Slave Timing Diagram 
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MK68591/2(P,J,N) 


SERIAL INTERFACE 
& ADAPTER (SIA) 


COMMUNICATIONS PRODUCTS 


FEATURES 


CL] Compatible with Ethernet and IEEE-802.3 
Specifications 


CL] Crystal-controlled Manchester Encoder/Decoder 
241] Collision+ 
Manchester Decoder acquires clock and data 23[__] Collision- 
within six-bit times with an accuracy of +3 ns. 221] Receive+ 


21| | Receive— 
Guaranteed carrier and collision detection squelch 
threshold limits 
— Carrier/collision detected for inputs more 
~ negative than —275 mV 
— No carrier/collision for inputs more positive 
than —175 mV 


YN~=3OUNDDAS 


Input signal conditioning rejects transient noise 14}__J Transmit+ 
— Transients <10 ns for collision detector 13{__] Transmit- 
inputs : 
— Transients <20 ns for carrier detector 
inputs 


Receiver decodes Manchester data with up to +20 
ns clock jitter (at 10 MHz) 


_TTL-compatible host interface 


O Transmit oscillator accuracy +0.01% (without Figure 1. Pin Assignments 
adjustments) 


GENERAL DESCRIPTION 


The MK68591/2 Serial Interface Adapter (SIA) is a 

Manchester Encoder/Decoder compatible with Ether- 

net and IEEE-802.3 specifications. In an . 
Ethernet/IEEE-802.3 application, the MK68591/2 inter- 

faces the MK68590 Local Area Network Controller for ee DOC | Su: 
Ethernet (LANCE™) to the Ethernet transceiver cable, \ 

acquires clock and data within 6 bit-times and decodes TRANSCEIVER 
Manchester data up to + 20 ns phase jitter at 10 MHz. ams 

SIA provides both guaranteed signal threshold limits ETHERNET | ag a i 
and transient noise suppression circuitry in both data ees 

and collision paths to minimize false start conditions. 


Figure 2. Typical Ethernet Node 


LANCE is a trademark of Thomson Components - Mostek Corporation. 


Controller interface 


Receive Data (RX) 
Receive Clock (RCLK) 


Carrier Present (RENA) 


Collision (CLSN) 


Transmit Data (TX) 
Transmit Enable (TENA) 


Transmit Clock (TCLK) 


Manchester Data 
Decoder Receiver “) 
Noise 


Carrier 
Detect 

Collision 
+ Detect 


Manchester 
Encoder 


Crystal 
osc 


XTAL, 


Figure 3. MK68591/2 Block Diagram 


PIN DESCRIPTION 


CLSN 


RX 


RENA 


RCLK 


Collision (output). A TTL active high 
output. Signals at the Collision + termi- 
nals meeting threshold and pulse width 
requirements will produce a logic high 
at CLSN output. When no signal is 
present at Collision +, CLSN output will 
be low. 


Receive Data (output). A MOS/TTL 
output, recovered data. When there is 
no signal at Receive + and TEST is 
high, RX is high. RX is actuated with 
RCLK and remains activated until end 
of message. During reception, RX is 
synchronous with RCLK and changes 
after the rising edge of RCLK. 


Receive Enable (output). A TTL active 
high output. When there is no signal at 
Receive + and TEST is high, RENA is 
low. Signals at Receive+ meeting 
threshold and pulse width requirements 
will produce a logic high at RENA. 
When Receive + becomes idle, RENA 
returns to the low state synchronous 
with the rising edge of RCLK. 


Receive Clock (output). A MOS/TTL 
output recovered clock. When there is 
no signal at Receive + and TEST is 
high, RCLK is low. RCLK is activated af- 
ter the third negative data transition at 
Receive +, and remains active until end 
of message. When TEST is low, RCLK is 
enabled. 


TX 


TENA 


TCLK 


Transmit + 
Transmit — 
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Filter 


Noise 
Reject 
Filter 


Receive + 


Receive - 


Collision " 


Collision — 


Transmit + 


aIepazU] A®AIODSUReAL 


Transmit — 


Transmit (input). TTL compatible input. 
When TENA is high, signals at TX meet- 
ing setup and hold time to TLCK will be 
encoded as normal Manchester at 
Transmit + and Transmit —. 


TX High: Transmit + is negative with 
- respect to Transmit — for first 
half of data bit cell. 


TX Low: Transmit + is positive with 
respect to Transmit — for first 
half of data bit cell. 


Transmit Enable (input). TTL compat- 
ible input. Active high data encoder ena- 
ble. Signals meeting setup and hold 
time to TCLK allow encoding of Man- 


_ chester data from TX to Transmit + and 


Transmit —. 


Transmit Clock (output). MOS/TTL 
output. TCLK provides symmetrical high 
and low clock signals at data rate for. 
reference timing of data to be encoded. 
It also provides clock signals for the 
controller chip (MK68590 LANCE) and 
an internal timing reference for receive 
path voltage controlled oscillators. | 


Transmit (outputs). A differential line 
output. This line pair is intended to oper- 
ate into terminated transmission lines. 
For signals meeting setup and hold time 
to TCLK at TENA and TX Manchester 
clock and data are outputted at Trans- 
mit +/Transmit —. When operating into 
a 780 terminated transmission line, sig- 
nalling meetings the required output | 


Receive + 
Receive — 


Collision + 
Collision — 


TSEL 


oe 


RF 


PF 


levels and skew for both Ethernet and 
IEEE-802.3 drop cables. 


Receiver (inputs). A differential input. 
A pair of internally biased line receivers 
consisting of a carrier detect receiver 
with offset threshold and noise filtering 
to detect the signal, and a data recov- 
ery receiver with no offset for Man- 
chester data decoding. 


Collision (inputs). A differential input. 
An internally biased line receiver input 
with offset threshold and noise filtering. 
Signals at Collision + have no effect on 
data path functions. 


Transmit Mode Select. An open collec- 
tor output and sense amplifier input. 


TSEL Low: Idle transmit state Trans- 
mit + is positive with 


respect to Transmit —. 


TSEL High: Idle transmit state Trans- 
mit + and Transmit — are 
equal, providing ‘‘zero” 
differential to operate 
transformer coupled 
loads. 


When connected with an RC network, 
TSEL is held low during transmission. 
At the end of transmission, the open col- 
lector output is disabled, allowing TSEL 
to rise and provide a smooth transmis- 
sion from logic high to “zero” differen- 
tial idle. Delay and output return to zero 
are externally controlled by the RC time 
constant TSEL. 


Biased Crystal Oscillator. X, is. the in- 
put and X, is the bypass port. When 
connected for crystal operation, the sys- 
tem clock which appears at TCLK is half 
the frequency of the crystal oscillator. X; 
may be driven from an external source 
of two times the data rate. . 


Frequency Setting Voltage Controlled 
Oscillator (Vc¢o) Loop Filter. This loop 
filter output is a reference voltage for the 
receive path phase detector. It also is a 
reference for timing noise immunity 
circuits in the collision and receive ena- 


‘ble path. Nominal reference Vcog gain 


is 1.25 TCLK frequency MHz/V. 


Receive Path Vco Phase Lock Loop 
Filter. This loop filter input is the con- 
trol for receive path loop damping. 


Frequency of the receive Vco is inter- 
nally limited to transmit frequency + 
12%. Nominal receive Vco gain is 0.25 
reference Vco gain MHz/V. 


TEST Test Control (input). A static input that 
is connected to Vcc for normal 
MK68591/2 operation and to ground for 
testing of receive path function. When 
TEST is grounded, RCLK and RX are 
enabled so that receive path loop may 
be functionally tested. 

GND, High Current Ground 

GND, Logic Ground 

GND Voltage Controlled Oscillator Ground 

Vec1 High Current and Logic Supply 

Veco Voltage Controlled Oscillator Supply 


FUNCTIONAL DESCRIPTION 


The MK68591/2 Serial Interface Adapter (SIA) has three 
basic functions. It is a Manchester Encoder/line driver 
in the transmit path, a Manchester Decoder with noise 
filtering and quick lock-on characteristics in the receive 
path, and a signal detect/converter (10 MHz differen- 
tial to TTL) in the collision path. In addition, the SIA pro- 
vides the interface between the TTL logic environment 
of LANCE and the differential signaling environment in 
the transceiver cable. 


TRANSMIT PATH 


The transmit section encodes separate clock and NRZ* 
data input signals meeting the set up and hold time to 
TCLK at TENA and TX, into a standard Manchester II 
serial bit stream. The transmit outputs (Transmit 
+/ Transmit —) are designed to operate into terminat- 
ed transmission lines. When operating into a 780 ter- 
minated transmission line, signaling meets the required 
output levels and skew for both Ethernet and 
IEEE-802.3. 


Transmitter Timing and Operation 


A 20 MHz fundamental mode crystal oscillator provides 
the basic timing reference in the SIA. It is divided by 
two to create the transmit clock reference (TCLK). Both 
20 MHz and 10 MHz clocks are fed into the Manchester 
Encoder to generate the transitions in the encoded data 
stream. The 10 MHz clock, TCLK, is used by the SIA 
to internally synchronize transmit data (TX) and transmit 


*Non-Return-to-Zero 
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MANCHESTER 
ENCODER 


TX; 
TENA 


TRANSMIT + 


TCLK 
(10 MHz) 


20 MHz [—] 


Figure 4. Transmit Section 


enable (TENA). TCLK is also used as a stable bit-rate 
clock by the receive section of the SIA and by other 
devices in the system (the MK68590 LANCE uses TCLK 
to drive its internal state machine). The oscillator may 
use an external 0.005% crystal or an external TTL level 
input as a reference. Transmit accuracy of 0.01% is 
achieved (no external adjustments are required). 


TENA is activated when the first bit of data is made 
available on TX. As long as TENA remains high, sig- 
nals at TX will be encoded as Manchester and will ap- 
pear at Transmit + and Transmit —. When TENA goes 
low, the differential transmit outputs go to one of the 
two idle states defined below: 


¢ TSEL High: The idle state of Transmit +/ Transmit — 
yields “zero” differential to operate transformer 
coupled loads (see Figure 14a). 


¢ TSEL Low: In this idle state, Transmit + is positive 
to Transmit — logical high (see Figure 14b). 


RECEIVE PATH 


The principle function of the receiver is the separation 
of the Manchester encoded data stream into clock and 
NRZ data. 


Input Signal Conditioning 


Before the data and clock can be separated, it must be 
determined whether there is “‘real’’ data or unwanted 
noise at the transceiver interface. The MK68591/2 SIA 
carrier detection receiver provides a static noise mar- 
gin of —175 to —275 mV for received carrier detection. 
These DC thresholds assure that no signal more posi- 
tive than —175 mV is ever decoded and that signals 
more negative than —275 mV are always decoded. 
Transient noise of less than 10ns duration in the colli- 
sion path and 20 ns duration in the data path are also 
rejected. 


This signal conditioning prevents unwanted idle noise 
on the transceiver cable from causing “false starts” in 
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the receiver. This helps assure a valid response to 
“real” data. 


The receiver section, shown in Figure 6, consists of two 
data paths. The receive data path is designed to be a 
zero threshold, high bandwidth receiver. The carrier 
detection receiver has an additional bias generator. Only 
data amplitudes larger than the bias level are interpret- 
ed as valid data. The noise rejection filter prevents noise 
transients of less than 20 ns from enabling the data 
receiver output. The collision detector similarly rejects 
noise transients of less than 10 ns. 


Receiver Section Timing 


Receive Enable (RENA) is the “carrier present” indi- 
cation established when a signal of sufficient amplitude 
(Vipc) and duration (tapwr) is present at the receive 
inputs. Receive Clock (RCLK) and Receive Data (RX) 
become available after the third negative data transition 


RX 
RCLK 


RECEIVE + 


RENA 


Figure 5. Receiver 


at Receive +/ Receive — inputs, and stay active until 
the end of a packet. During reception, RX is syn- 
chronous with RCLK, changing after the rising edge of 
RCLK. | 


The receiver detects the end of a packet when the nor- 
mal transition on the differential inputs cease. After the 
last low-to-high transition, RENA goes low and RCLK 
completes one last cycle, storing the last data bit. It then 
becomes and remains low (see Receive End of Packet 
Timing diagrams). When TEST is low, RCLK continues 
to run, tracking data (if available) or synchronize with 
TCLK. | 


Receive Clock Control 


To insure quick capture of incoming data, the receiver 
phase-locked-loop is frequency locked to the transmit 
oscillator and it phase locks to incoming data edges. 
Clock and data are available within 6 bit times (accurate 
to within +3 ns). The SIA will decode jittered data of 
up to +20 ns (see Figure 7). 


RX ie 
co 
RCLK 
DIV 


CLOCK 
HENA GATING 


O + 
PHASE DATA 
DETECTOR REC 
CARRIER 
REC 


Figure 6. Receiver Section Detail 


Differential 1/O Terminations 


The differential input for the Manchester data (receive 
+) is externally terminated by two 40.2 0+1% resistors 
and one optional common mode bypass capacitor. The 
differential input impedance Zjp- and the common 
mode input Z,c,, are specified so that the Ethernet spe- 
cification for cable termination impedance is met us- 
ing standard 1% resistor terminators. The Collision-+ 
differential input is terminated in exactly the same way 
as the receive input (see Figure 8). 


Collision Detection 


The Ethernet Transceiver detects collisions on the 
Ethernet and generates a 10MHz signal on the trans- 
ceiver cable (Collision +/ Collision —). This collision sig- 
nal passes through an input stage which assures signal 
levels and pulse duration. When the signal is detected 
by the SIA, the SIA sets the CLSN line high. This con- 
dition continues for approximately 190ns after the last 
low-to-high transition on Collision +/ Collision —. 


+20ns 
MAXIMUM 
JITTER 


+20ns 
MAXIMUM 
JITTER 


+5ns 
ALLOWABLE 
SAMPLING ERROR 


50ns 


Figure 7. Maximum Jitter impact On Sampling 
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R ee 
1 1 
5100 baal 
= 2 RX 
= 
R, 
3KO am 
Cc, 
680 pF (ie 
, 
ap s 
e 
20 MHz 100 pF 
PARALLEL mn 
MODE 
CRYSTAL a 
50 pF = | 9 
0.005% ACCURATE ° 100 pF 


NOTES: 
1. Connect Ry, Ro, Cz for 0 differential nontransmit. Connect to ground for logic 
1 differential nontransmit. 
2. Pin 20 shown for normal device operation. 
3. Nodes A and B may be connected directly to ground for proper decoder 
operations, or to the common mode bypass C4 and Cs. Some direct cou- 
pled transceivers require C4 and Cs to ground for proper operation. 


COLLISION 


COLLISION 


RECEIVE 


RECEIVE 


+ 24 


— 23 


+ 22 


=21 


cc2 


PF 17 


RF 16 


GND, 15 


TRANSMIT 


TRANSMIT 


+ 14 


- 13 


40.22 1% 


40.20 1% 


40.22 1% 


40.20 1% 


Figure 8. MK68591/2 External Component Diagram 
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Figure 9. Transmit Mode Select (TSEL) Connection 
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ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature......... 0. ccc cc eee eee eee e tenn eee b een nnn es ...765 to +150°C 
Temperature (Ambient) Under BiaS.:......00000 0000 ccc cece cece eee tenet eneeenan 0 to 70°C 
Supply Voltage to Ground Potential Continuous. ....... 0.0.0.0 0. ccc cee cece eee ence eens +7.0V 
DC Voltage Applied to Outputs for High Output State.......... 0... eee —0.5 to +Voc max 
DC Input Voltage (Logic Inputs)........ 0.0... . cc ccc cence een eee eee e eens +5.5V 
DC. Input Voltage (Receive/Collision).. 0... .. 0.0... cece eee eee een eens -6 to +6 V 
Transmit + OMOUt Cument ip aie a ooo 00g por Seed o REN HERR Ae Heed SR oho HRS Fhe SS4 6040 48d —50 to +5 mA 
DC Output Current, Into Outputs................ 00.0008 Sayonceee reese ivi Beet errr ere 100 mA 
DG Input Curent (Logic INDUS) 35 054 cencdoeweee 644025494046) 06 caved edNe~ soe COR Dia eee +30 mA 


*Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE The following conditions apply unless otherwise 
specified: : 
Ta = 0 to 70°C, Vog = 5.0 V+10 percent, MIN = 4.5 V, MAX = 5.5 V, period of crystal oscillator (Tog) = 50 ns 


[Parameter Description —~=~S~*~*~S~SsdTSaet Contin in|] | Cl 


Output High Voltage RX, RENA, _ 
CLSN, TCLK, RCLK lOH = -10 mA : V 


= Output Low Voltage RCLK, TCLK, RENA, lol = 16 mA, 2 


= er on a 
Differential Output Voltage a = 780 | 670 | 770 | mV 
(Transmit +) — (Transmit —) | Vo __| Figure 19 Seas re 
Vop OFF | Transmit Differential Output Idle Voltage R, =78 © Figure 19 } o5 | 20 | mv | 
‘lop OFF _| Transmit Differential Output Idle Current TSEL = HIGH = +0.1 | 05 | mA | 
VCMT Common Mode Output Transmit Voltage Figure 19 | oo | 25 | 


Vv Differential Output Voltage Imbalance Ry = 782 
ODI (Transmit +)| | Vo} —| Vol | 
‘Vin | Input High Voltage TTL rence ene ee a ee 
tig __| Input High Current TTL Veo =Max,Vin=27V | | | +80 | A 
Vi, _| Input Low Voltage TTL aa aneen OT A ee ee 
Input Low Current TTL Veg = Max, Vin=04V | | -270 | -400 | WA 
VIRD Differential Input Threshold (Rec Data) Figure 20 | -25 | o | +25 | mm | 
Vipc Differential Input Threshold (Carrier/Collision +) Figure 20 eae 
loc Power Supply Current : tosc = 50 ns | | 15 | 180 | py 
toge = 50.ns, Ta = Max EE 
oo Input Breakdown Voltage V; = +55 (TX, TENA, TEST) l} = 1mA 
Vic | input Clamp Voltage ly = 18 ma in ee 
RX, TCLK, CLSN, RENA, RCLK —150 Soma 
Sco Short Circuit Current 
RipF Differential Input Resistance Voc = 0 to Max | ek =| 84k | 13k | ohm | 
Ricm Common Mode alle Resistance Voc = 0 to Max cS eee eee 
itp ‘itp _| Receive and Collision Input Low Curent Vin = -1V oe 
‘lip _| Receive and Collision Input High Current Vin =6V | +04 | +06 | +110 | mA | 


a Receive and Collision Input High Current Voc = 9 Vin = +6 V | 04 | 1.28 | 186 | mA 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE The following conditions apply unless otherwise specified: 
= 0 to 70°C, Veg = 5.0 V+10 percent, MIN = 4.5 V, MAX = 5.5 V, Togc = 50 ns 


[ot — [Pee Deon emai Toe Ta To 
RECEIVER SPECIFICATION 
raf Roux [mcr [RCLK Ge Time 
rap Rcik [tmon | ACLKHigh Time 
Pap roux [tao | ACLK Low Time 
Pap Rik [tagg | ACLK Rise Time 
Pap Roix [tage | RCLK Fal tme 
retrx [ton [FX Ase Time ——SSSC~*dC*« = 
Fgura 
Sa es 

[ax [tpg [RX Prop Delay (ROLK to RX Stable) 


RENA RENA Turn-On Delay (Vino Max on Figures 10, 16a, and =+— 
Receive + to RENA,)) 
11 | RENA RENA Turn-Off Delay (Ving Min on Figures 11 and 20 
Receive + to RENA, ) 


RENA |RENALowTime = =| Figure 1 
13 | Rec + REA ee ne + Input Pulse Width to Figures 16a and 20 
Reject (Input <Ving Min) 
14 | Rec + Receive + Input Pulse Width to Turn- Figures 16a and 20 
On (Input> Ving Max) 


15 RCLK Decoder Acquisition Time | Figure10 10 


COLLISION SPECIFICATION 


Coll +0 tcpwrR Collision Input Pulse Width to Reject 
(Input<Ving Min) 
17 | Goll + tcpwo Collision Input Pulse Width to Turn- 
On (Collision + Exceeds Vipc¢ Max) 
18 | Coll + tCcpwWE Collision Input to Turn-Off CLSN 
(Input <Vip¢ Max) 
19 |} Coll + tCPWN Collision Input to Not Turn-Off CLSN 
(Input >Vincg Min) 
CLSN tcpH CLSN Turn-On Delay (Ving Max on 
Collision + to CLSN,)) 
21 | CLSN topo CLSN Turn-Off Delay (Ving Min on 
Collision + to CLSN, ) 


TRANSMITTER SPECIFICATION 


| 22 | TCLK TCLK Low Time 


Figures 16b and 20 


Figures 15, 16b, and 20 


tosc = 50 ns 
Figures 17b and 18 


TX + tTOCE Transmit + Output, (Bit Cell Center 
to =e) 


j2e| Terk [top | TCLK High to Transmit + Output | 
90{ 1+ [tron | Transmit + Output Rise Time | 29 through 80 percent |__| 2 | 4 | ns_| 
a 


fe | ae “ | yy" 


tial Point on Transmit Return to 
NOTE: 
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Zero (End of Message) 
Assumes equal capacitance loading on RCLK and RX. 


RECEIVE + 


100 ns |< 
} o | 1 {| o | 4 | © 
(MEASURED iat r = Tr. 


DIFFERENTIALLY) = Le ie 
[0] = FIRST BIT ee 
RCLK iF 


z | KK \\0 fr "1 


“ PULSE WIDTH OF = 45 ns IS ALWAYS RECOGNIZED. 
HOWEVER, PULSE WIDTH OF < 20 ns IS REJECTED. 


Figure 10. Receiver Timing — Start of Packet 


RECEIVE + iD ~—— Hiaee. ae i 


(MEASURED 
DIFFERENTIALLY) vhs - : e MOL 


RENA 


RCLK 


RX t 


Figure 11. Receiver Timing — End of Packet (Last Bit = 0) 


a ———————— 
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1 + |odt.atsto f 4 


| 
RECEIVE + ie J ] | ! 
| \ 


(MEASURED 
DIFFERENTIALLY) 


RENA i 
RCLK | 


RX 


Figure 12. Receiver Timing — End of Packet (Last Bit = 1) 


TENA 


TX 


TRANSMIT + 
(MEASURED 
DIFFERENTIALLY) 


| 
1 
0 i 1 
! 
| 


I 
BITCELL BIT CELL 
BOUNDARY CENTER 


a a a 


Figure 13. Transmitter Timing — Start of Transmission (TSEL Low, TSEL High) 
a ee a re ee ee ee 
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TCLK () C7) 2.0V 


TENA 


(Last BIT = o ™ N\\ AYN AY KLARA XY 


29 
| 28 28 
| sco 
| A | _— — 
TRANSMIT + gy ! ~ 
(MEASURED > 


DIFFERENTIALLY) \ Nas let 
! 


| 
Ly (LAST —1) BIT LAST BIT 


) CELL CELL 
TSEL (HIGH) 
gee ar XA ADK 


~— BIT A 


ov 


TRANSMIT + 
(MEASURED 
DIFFERENTIALLY) 
(LAST —1)BIT 
CELL 
Figure 14a. Transmitter Timing — End of Transmission (TSEL High) 
I 
TCLK () (fF) 2.0V 
27 
TENA 


casrair=0 ™ NY) AMX 


29 
I 
28 
Bw 
TRANSMIT + oy 
(MEASURED 
\ | 


DIFFERENTIALLY) 


I 
L__(LAST -1) BIT LAST BIT 
| CELL 


(HIGH) —— CELL 


TSEL (LOW) 


re ame | XXX XXX 
|}~— sit cELL—>| 


TRANSMIT + OV 


(MEASURED 
DIFFERENTIALLY) 


(LAST -1)BIT 
CELL 


Figure 14b. Transmitter Timing — End of Transmission (TSEL Low) 
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COLLISION OV 
PRESENCE+ ~ 


CLSN 


* PULSE WIDTH OF -26ns IS GUARANTEED TO BE 
RECOGNIZED: HOWEVER, PULSE WIDTH OF < 10ns IS 
REJECTED 


Figure 15. Collision Timing 


RECEIVE + COLLISION + 
(MEASURED (MEASURED 
DIFFERENTIALLY) DIFFERENTIALLY) 
Vio. MIN Vine MIN 
(“f75mv) (Fr smv) 
Vince MAX 
(S5mv) (“S75mv) 
RENA | CLSN 

Figure 16a. Receive + Input Pulse Width Timing Figure 16b. Collision + Input Pulse Width Timing 


RCLK TCLK 


RX TX 


Figure 17a. RCLK and RX Timing Figure 17b. TCLK and TX Timing 
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DEVICE 
UNDER 
TEST 


Figure 18. Test Load For RX, RENA, and TCLK 


TRANSMIT + 


DEVICE 
UNDER 
TEST 


R, = 780 


TRANSMIT — 


Figure 19. Transmit + Output Test Circuit 


a 


DEVICE 
UNDER 


TEST 


R, = 80.42 1% 


Figure 20. Receive + and Collision + Input Test Circuit 
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MK68591 (600 mil) 


24 13 
610+ .015 
595+ .015 
a 1 12 


.010 + .002 


1 EQUAL SPACES @.100 


Ceramic Dual-In-Line Package (P) 
24 Pin 


MK68592 (300 mil) 


a .650 + .050 __ it 
¢ 


a | | | 
| ! | +.010 en ae ee 
eee pre { |q-| __ 300 MIN. —s j<—060+ 919 ‘ 
ape ' 0° - 15° ‘ ————11 EQUAL SPACES @ .100 -———_—_—__» 
11 EQUAL SPACES @ .100 : 


NOTE: Overail length includes .010 flash on either end of package 


Cerdip Hermetic Package (J) Plastic Package (N) 
24 Pin 24 Pin 
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THOMSON 


COMPONENTS 


FEATURES © 


1 Complete Hub Logic device which conforms to 
StarLAN specification. 


Supports Multi-point extension. 
Auto compensation for wiring reversal. 


ch 
0 

| 0. 12 port HUB. 
1 Optional retime circuit. 
D 


Cascadable. Two levels may be cascaded and still 
appear to the network as one yielding up to a 121 
‘port HUB. 

Auto preamble generation to minimize bit loss. 


Selectable active carrier polarity sense. 


Jabber function isolates network failures. 


Optional minimum frame length enforcement. 


eee eb ML 


Collision detection: 

_@ multiple inputs 

e missing mid-bit transition 

e transitions too close together 

transitions too far apart 

e AT&T release 1 collision presence signal. 


Digital phase lock loop. 
6X clock yields 167 nS jitter tolerance. 
Transmit Data Trailer enforcement. 


Input protection at end of frame (20 ys). 


Be ie hae 


Pin selectable high-end HUB versus intermediate 
HUB. 


1 Optional internal pulse stretcher for carrier sense 
squelch... 


1 UPLINK and DOWNLINK active status outputs. 


NOTE: Crystal inputs have CMOS thresholds. 
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OC UPLINK and DOWNLINK collision status outputs. 


MK5030P/N 


GND 1 vcc 
X12 MODEO 
X2..9 MODE1 

OCLK 4 MODE2 
LEDO 5 MODE3 
LED1 6 MODE4 
LED2 7 . MODES 
LEDS 8 MODE6 
LEDEN 9 RESET 
co 10 DXD 
DO 11 DXEN 
Ci 12 UXD 
Di 13 UXEN 
c2 14 D11 
D2 15 C11 
C3 (16 D10 
D3 17 C10 
C4 «(18 D9 
p44 19 c9 
C5 20 D8 
D5 21 C8 
C6 22 D7 
D6 23 C7 
24 GND 


vcc 
Figure 1. MK5030 Pin Assignment 


C) Per port jabber status output. 
O On chip crystal oscillator circuitry. 


1 35 mW typical power dissipation. | 


1) CMOS technology. 

O 48 pin DIP. | 

LJ Single 5-volt supply. 

CF All inputs and outputs TTL compatible.” 

0) Industrial version available. 

GENERAL DESCRIPTION . 

The MK5030-HUB is a 48 pin CMOS VLSI device that 
simplifies the design and implementation of a StarLAN 


compatible HUB. This chip provides all the digital logic 
necessary in a HUB. 


PIN DESCRIPTION: _ 


x1, X2 


OCLK 


C0-C11 


MODEO 


MODE1 


MODE2 


_ Inputs. Either connect a 6.00 +.005% 


MHz crystal between the pins, or leave 


- X2 not connected and apply a 6.0 MHz 
-+.01% square wave to X1. (Refer to 


Figure 7.) | 


Output. Provides a TTL CLK output from 
the above crystal oscillator. This is use- 
ful when cascading devices. 


Schmitt inputs. Carrier sense inputs. Ac- 
tive state is selectable. Refer to MODE4 
below. 


Inputs. Received data streams. 


Output. UPLINK data stream to the next 
UPPER HUB, if any, in the network hi- 
erarchy. 


Output. UPLINK transmit enable indicat- 
ing that UXD contains valid data. 


Output. Downlink data stream to all 
ports. If MODE1 = 1, then this data 
stream is derived from Port 11. If MODE1 
= 0 then this data stream is identical to 
UXD. 


Output. Downlink transmit enable to all 
ports. If MODE1 = 1, then this data 
stream is derived from Port 11. lf MODE1 
= 0, then this data stream is identical to 
UXEN. 


Input. Testmode. Should be tied high for 
normal operation. Testmode is useful 
only for semiconductor device produc- 
tion test. 


Input. If MODE1 = 1, then the chip is an 
intermediate hub; and CO-10/D0-10 in- 
puts will be used as UPLINK inputs and 
C11/D11 as the DOWNLINK input. If 
MODE1 = 0, then the chip is a high-end 
hub; CO-11/D0-11 inputs will be used as 
UPLINK inputs and DOWNLINK outputs 
(DXD, DXEN) will internally be connect- 
ed to the UPLINK outputs (UXD, 
UXEN). 


Inputs. If MODE2 = 0, then the input 
carriers have been externally stretched 
and no internal stretcher is desired. This 
stretcher is required as part of the 


MODE3 


MODE4 


MODE5 


MODE6 


RESET 
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squelch function. Refer to Figure 2. If | 
MODE2 = 1, then the input carriers are 
threshold set off the incoming data 
stream and an internal pulse stretcher 
must be used. With MODE2 = 1, users | 
do not need to use one-shots externally 
for each port. | 


Input. If MODE3 = 1, then the retimer 
circuit is enabled as specified by IEEE 
802.3. If MODES = 0, then the retimer 
Circuit is disabled. This allows HUBs in 
close physical proximity to be cascaded 
together and appear to the network as 
one HUB. Refer to Figure 3. 


Input. Selects carrier active state. If 
MODE4 = 0, then the carrier inputs 
(CO-C11) are active low. If MODE4 = 1 
then the carrier inputs (CO-C11) are ac- 
tive high. 


Input. If MODE5 = 1, then early pream- 
ble is enabled. The chip will initiate 
preamble transmission once phase lock 
is obtained. Once the transmit FIFO is 
sufficiently full, transmit data is obtained 
from the FIFO. This decreases the 
amount of bits a HUB implementation 
will lose. Depending on the implemen- 
tation, bits may actually be gained. If 
MODES = 0, then automatic preamble 
generation is disabled. 


Input. If MODE 6 = 1, then minimum 
frame length of 96 bits is enforced. If 
MODEE6 = 0, then no minimum frame 
length is enforced. 


Schmitt input. Active low. A low causes 
the device to reset. Input must be high 
for normal operation. 


Input/output open drain. If LEDEN is ex- 
ternally connected to GND, then the LED 
(0-3) provide static status information. 
Otherwise, LEDEN should be pulled 
high through a 1K ohm pullup resistor 
and LED (0-3) will provide an ID of an 
internal status monitoring point and will 
pull LEDEN low if that monitoring point 
is active. This allows connection of a sin- 
gle external multiplexer to drive indicat- 
ing devices. Refer to Figure 4. 


LEDO-LED3 Output. If LEDEN is connected to GND: 


LEDO UPLINK transmit unenabled 

LED1 UPLINK collision sense 

LED2 DOWNLINK transmit un- 
enabled 

LED3 DOWNLINK collision sense. 


if LEDEN is not connected to GND, then 


LEDEN = 0 indicates that the LED (0-3) 
specified function is active: 


LEDEN = 0 


0 0 0 0 PORT 0 jabber active inactive 
0 0 0 1 PORT 1 jabber active inactive 
0 0 1 0 PORT 2 jabber active inactive 
0 0 1 1 PORT 3 jabber active inactive 
0 1 0 0 PORT 4 jabber active inactive 
0 1 0 1 PORT 5 jabber active inactive 
0 1 1 0 PORT 6 jabber active inactive 
0 1 1 1 PORT 7 jabber active inactive 
1 0 0 0 PORT 8 jabber active inactive 
1 0 0 1 PORT 9 jabber active inactive 
1 0 1 0 PORT 10 jabber active inactive 
1 0 1 1 PORT 11 jabber active inactive 
1 1 0 0 UPLINK inactive active 

1 1 0 1 UPLINK collision yes no 

1 1 1 0 DOWNLINK inactive active 

1 1 1 1 DOWNLINK collision yes no 


NOTE: UPLINK and DOWNLINK status outputs are normally on and will 
blink off for 147mS when a frame is transmitted. LED on-time of 147mS 
is guaranteed between each off blink. 


VCC Power supply pin. +5VDC +5% 


GND Ground. OVDC. 
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MK5030 


EXTERNAL SQUELCH 


MK5030 


’ INTERNAL SQUELCH 


Figure 2. Internal Versus External Time Squelch 
—— eee 
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RETIME MODE. : 

9 BIT ELASTIC MK5030 | 

FIFO ENABLED. L HEADER 
MODE1 | aug 


i MODE3 


a SUBLEVEL 
A 
4? 
INTERMEDIATE 
HUB 
NO RETIME, LEVEL 
GATE DELAYS 
ONLY. 
MK5030 MK5030 
v MODE! ; 1 MODE1 SUBLEVEL 
B 


MODE3 ‘0’ MODE3 


TO DTE’S OR LOWER LEVEL HUBS 


NOTE: Sublevels A and B may either be on same circuit board or on separate 
boards located in close proximity. 


Figure 3. Example Showing Retime and No-Retime Modes 


II 00 
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STATIC DISPLAY 
W/O JABBER DISPLAY 


cc 


SCAN DISPLAY 
W/JABBER DISPLAY 


Figure 4. Status Display Modes 


Overview of Circuit Description 


The MK5030 HUB chip consists of three sub-modules: 
the uplink, the downlink, and the status display module. 


The uplink module multiplexes twelve inputs from sta- 
tions and/or “lower” HUBS (see Fig. 3) and retimes the 
multiplexed data to remove jitter. The uplink also han- 
dles several optional features including retiming, dis- 
abled auto-preamble generation, and collision detec- 
tion/transmission. Refer to Figure 5, MK5030 HUB 
Block Diagram. 


The downlink module is used only in the intermediate 
mode, and is nearly identical to the uplink (see Fig, 3). 


The status display modules provide both static and 
scanned display of the line activity, detected collisions, 
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and “‘jabbed” inputs. 
The Uplink Module 


The uplink module has a carrier processor which per- 
forms the following: 


e Detects carrier and outputs a carrier presence signal. 


e Detects collision and outputs a collision presence 
signal. 


¢ Will ignore one, or more, inputs by the jabber or pro- 
tection time functions. 


¢ Provides time domain filtering to improve noise toler- 
ance on carrier inputs. 


e When in the retime mode: 


— Automatically compensates for wiring reversal. 


— Recovers clock using a DPLL (for internal HUB 
chip use only). 


— Passes data through a serial 9 bit FIFO buffer. 


— When in minimum frame length mode, the frame 
length is guaranteed to be greater than 96 bits. 


— Will perform Automatic Preamble Generation 
(APG) if the optional APG is selected. 


— Detects end-of-frame using the DPLL. 


e When NOT in the retime mode, the DPLL, APG, and 
FIFO are bypassed, and the output is taken from the 
selected input without any flip-flop delays (gate de- 
lays only). 


Carrier and Data Inputs 


When an input has a signal present, the carrier will be 
detected on the appropriate pin (CO - C11). The carrier 
input is user selected for either external squelch (with 
external one-shots) or internal squelch (a 2uS pulse 
stretcher is added by the HUB chip). MODE2 = 0 
selects external squelch, and MODE2 = 1 selects in- 
ternal. 


Note, a carrier input must be active for at least three 
clock samples for it to be recognized by the chip. Any 
isolated pulse less than three clock samples wide will 
be ignored. However, when using internal carrier 
squelch, the carrier must be active for at least one clock 
sample time every 2uS to be considered valid beyond 
the initial carrier recognition. When not using internal 
squelch, the carrier must be active during the entire 
frame to avoid data loss. Ignoring carrier spikes pro- 
vides extra noise protection and is also referred to as 
time domain filtering (TDF). 


Retime Mode 


The selected valid data input is fed to a digital phase 
locked loop (DPLL). The DPLL is implemented with a 
counter which clears on each transition. This gives a 
jitter tolerance of 167ns peak to peak (83ns peak). This 
is 40% more tolerance than required by the StarLAN 
specification. 


The valid input is passed through a 9 bit FIFO. Output 
from the FIFO is prevented until the FIFO is 4 bits full. 
This is called the 4 bit watermark, and gives the FIFO 


4 bits of elasticity which is more than sufficient to ab- 
sorb the allowable 0.01% clock tolerance. 


Automatic Preamble Generator 


If APG is enabled, preamble generation at the outputs 
DXD and UXD is started as soon as the DPLL ac- 
quires lock. When the FIFO reaches the 4 bit water- 
mark, the output data are taken from the FIFO. The APG 
keeps the preamble from “shrinking” as a frame is 
passed from HUB to HUB. Without APG, a HUB chip 
will lose an average of 2 preamble bits, but with APG, 
an average of 2 preamble bits are gained. This two bit 
gain should be taken into account by system designers. 


Automatic Compensation For Wiring Reversal 


When installing twisted pair telephone wiring, it is often 
difficult and expensive to maintain proper polarity on 
the wire pairs. The MK5030 will automatically compen- 
sate for this reversal on a per port basis. Any frame that 
is received with inverse polarity will be detected and 
will be transmitted on the DXD and UXD pins with the 
correct polarity. This polarity compensation is active 
only while in the retime mode. 


Minimum Frame Length Enforcement 


When minimum frame length enforcement (FLE) is ena- 


bled and the MK5030 is in retime mode, the input car- 


rier is assumed to be valid for at least 96 bit times. If 
either the incoming carrier goes inactive or EOF is de- 
tected prior to 96 bit times, the MK5030 will send colli- 
sion presence (CP) for the remainder of the 96 bit times. 
This feature is important in multi-port environments 
where signal superposition may cause early carrier 
dropout. 


No-Retime Mode 


If the retime mode is disabled, then the DPLL, FIFO, 
and APG are bypassed. The outputs, DXD and UXD, 
are taken from the selected input without clocked de- 
lays (i.e., flip-flops). There are gate delays only. End-of- 
frame is detected by a counter instead of the DPLL. The 
advantage of the no-retime mode is that two HUBs cas- 
caded together will appear to the network as one. See 
Fig. 3. In no-retime mode, an average of 2 bits will be 
lost as outputs are enabled after the first rising edge 
of the incoming data. 


Protection Time 


At the end of each frame, all carrier inputs are ignored 
for 20uS. This is called the protection time and insures 
immunity to post end-of-frame spikes caused by trans- 
former coupling. 
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Collision 


A collision is defined when any one of the following five 
conditions exists: a. Multiple carrier inputs; b. Man- 
chester code violations; c. FIFO underflow/overflow 
~ exception. d.PLL lock acquisition timeout; e. frame 
length violation. An IEEE defined collision presence 
(CP) code is placed on the UXD output. The starting 
point of the CP sequence is adjusted to allow faster CP 
detection by the remote station or HUB. The HUB chip 
is fully upward compatible with the existing AT&T release 
1 CP signal. 


Jabber 


If a station transmits data for greater than 27mS (which 
allows twice its normal maximum frame size) then the 
HUB will output a CP signal. This should correct the 
error in the station in most cases. However, if that sta- 
tion continues to transmit for up to a total time of 54mS, 
then the station is “jabbed”. This means that the jab- 
ber function in the HUB chip will ignore that input and, 
in effect, remove the station from the network. If the 
“jabbed” station goes silent and then is the originator 
of new data, the station is allowed back onto the net- 
work by the HUB chip. 


Thus, StarLAN networks automatically adjust as por- 
tions of the network fail and are repaired. 


CARRIER 
PROCESSOR 


CARRIER 
PROCESSOR 


PROTECTION 
TIME 


REseT[_ }—_——— 


UNIT 


MODES' MODE6 


MODES MODE6 
RETIME 


UNIT 


@ \f 


STATUS | | LED2 
DISPLAY 


Figure 5. MK5030 HUB Block Diagram 


Minimum Frame Length Enforcement 


if, in retime mode, an input fails to maintain carrier for 
at least 96 bit times after the output has gone active 
and MODE6 = 1, then the HUB will initiate transmis- 
sion of CP signal.The HUB will maintain CP as if the 
input has been maintained for 96 bit times. If MODE 
6 = 0, then no minimum frame length is enforced. 


The Downlink Module 


The downlink is identical to the uplink except without 
the multiplexer and jabber functions. In the intermedi- 
ate mode (MODE1 = 1), port 11 is a downlink input con- 
nected to the next “higher” HUB downlink output. See 
Fig. 3. In the high-end mode (MODE1 = 0), all twelve 
ports feed the uplink, and DXD-DXEN are internally 
connected to UXD-UXEN. | 


Status Display 


Two display modes are supported: static and scan. When 
LEDEN is externally tied to GND, then LEDO - LEDS 
provide static status information. When LEDEN is ex- 
ternally tied to VCC through a pull-up resistor, then an 
external demultiplexer (such as a 74154) may be used 
to provide 16 lines of status information. See Figures 4 
and 6, and also see the description of pins LEDO - LEDS. 


Oscillator 


The MK5030 will accept two forms of clock input: a TTL 
input or a crystal. If pin X2 is left unconnected, a 60MHz 
+ 0.01% TTL clock may be applied to pin X1. Alternate- 
ly, a crystal circuit may be connected between X1 and 
X2 to form the basis of an oscillator. Typically, a 6.0 + 
0.005% parallel resonant crystal is needed to insure the 
+ 0.01% frequency accuracy required for StarLAN. 
Refer to Figure 7. A fundamental mode, parallel 
resonance type crystal should be used with the 
manufacturer’s suggested load capacitance. 


OCLK provides a TTL level clock output useful for cas- 
cading HUB chips or driving surrounding logic. 


Reset Input 


The reset pin is an active low Schmidt trigger input. A 
simple RC network may be used to insure correct oper- 
ation upon power-up. In addition, if the mode inputs are 
changed after the application of power, reset must be 
reapplied to insure correct operation. If either MODE 
or MODES is changed, an internal reset is generated. 
Correct operation means logical, non-ambiguous oper- 
ation which meets the requirements of this data sheet. 


Refer to Fig. 8. 


STROBE POINTS 


@e@e LED3-0 


LEDEN* 


“ Figure 6. Scan Display Timing 
a 
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A) EXTERNAL TTL CLOCK : B) CRYSTAL OPERATION 


Figure 7. Operation Oscillator 


vcc 


Figure 8. Typical RC Connection For Power On Reset 
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System Performance Considerations 
Using the MK5030 

allows designers flexibility in their design. Figure 9 
The MK5030 has several modes of operation. This shows a typical circuit diagram. 


vec vec vec 
O 
Y PORTS 0-10 OUTPUT 
e 
6.0 MHz + 0.005% r 
2200 ; 
= 2 
lee 47pF 3 
1 
2 = 
3 : 47pF ‘ 
4 5 
2 ae 
8 6 
z [a 
8 7 
8 ara 
[Veco id 
we 
9 
2Ka “ 
> PORT o| 7 
: 0D 
none : 3 PORT 11 
0 OUTPUT 
PORT 2} PORT 11 
V, = 0.6V 
9500 
PORT af PORT 10 
|| roar 
PORT 5} PORT 8 
PORT 6} PORT 7 
TYPICAL INPUT = oe 


CIRCUIT 


Figure 9. MK5030 External Component Diagram | 
I 
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ELECTRICAL SPECIFICATIONS 

This chapter provides tabular presentations for Absolute Maximum Ratings, DC Characteristics, Capacitance, and 
AC Timing Specifications. In addition, illustrations are provided for an Output Load Diagram (Figure 10) and HUB 
Timing Diagrams. 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under BiaS ....... 0... ccc ccc cece eee n ene ee eeneanennennnes —25°C to +100°C 
SIOlaGe: TSINDSIEIUIG fac sea ia sdn 05 od ope bed 4A4 ods Odd Soe Reed ORG eh Pee od —65°C to +150°C 
Voltage on Any Pin with Respect to Ground ........... 0. ccc cece cece eee eeueunes —0.5 V to Veg +0.5 V 
Power Dissipation (NO'1G80) . s d:c occu ss dwn deine adeeb bnesee eeeauoeeeey ooo bsbbees aahaas 125mW 


- Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 


of the device at these or any other condition above those indicated in the operational sections of the specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS 
Ta = 0°C to 70°C, Veg = +5 V +5% unless otherwise specified. 


—— 
Wow [@loy=-04mA 
DR 
leg [oes eo} — 


CAPACITANCE 
F = 1 MHz 


[swweou[ CONDITIONS 


a 
Co 
[a 


AC TIMING SPECIFICATIONS 
Ta = 0°C to 70°C, Veg = +5 V +5% unless otherwise specified. 


——— = 
NN 
2% Tw [xttowtimeSCSCS~—rC 
a 
4D [Tan [Rise tine fk 
5D [Tae | Faltinw ons 
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AC TIMING SPECIFICATIONS (cont.) 
T, = 0°C to 70°C, Veg = +5 V +5% unless otherwise specified. 


ined SIGNAL |SYMBOL| PARAMETER 


Tx. | X2delayfromX1 X2delayfromX1 from X1 


aCe) a SV ae 
(s [WO [To _[Weoay ton ——SSC«dSSC 
2 [UREN [Ten [UXENeoytonme CYC 
0/8 [Tow [OD dey tmx TSS 
[OREN [Toren [OREN doy tom ——SSS~dSCSC“‘“dtC 


12] TKD [duo | Tansmitjter'| Toottowt!=2 ||| 
Transmit jitter: 1 Tpxp! er +2 ee ee 
ee ee tt 
fi [bene [oes Sp wa 
F7 [Ben [Tox [6n Hod ton 
8 [Pes [Sonning er Genes 
#| GOB |Tp5 amy toner | | 

No retime mode jitter: | Typt—Typt | +2 i. ot et 
[i805 [Tap [oeyton 
ER [ease Swen wa sae | 


x1 4 — ea 5 
i —= 
6 ———| 6 


X2 


OCLK 


' Figure 10. Oscillator Timing Diagram 
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X1 


UXD 


=——?| 8 


_ + 


 ) 


14 | 15 
16 | 17 


Figure 11. Retimer (MODE3 = 1) Timing Diagram 


DXD,UXD 


Figure 12. Retimer Disabled (MODE3 = 0) Timing Diagram 


LEDO-3 


Figure 13. Status Display Timing Diagram 


i a 
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1.4K 


FROM OUTPUT LEDEN 
UNDER TEST 


5OpF 


TEST 
POINT Voc 


FROM ALL OTHER OUTPUTS 


UNDER TEST C, = 100pf min @ 1 MHz 


CR,-CR, = 1N914 OR 


Figure 14. Output Load Diagram 


GLOSSARY OF TERMS 


automatic preamble 
generator (APG) 


protection 
time 


downlink 


An optional circuit in the HUB 
chip which will begin preamble 
generation before the FIFO 
reaches the 4 bit watermark. 
The APG replaces a 2 bit loss in 
the preamble through a HUB 
with a 2 bit gain. See Retime 
Mode. 


A 20uS period at the end of each 
frame where all carrier inputs 
are ignored. This protection in- 
sures immunity to post end-of- 
frame spikes caused by trans- 
former coupling. See Protection 
Time. 


The data path going from a 
“higher” HUB to the next “‘low- 
er’ HUB, or going from a HUB 
back to the stations. 


high-end hub 


intermediate hub 


jabber 


uplink 


5-45 


EQUIVALENT 


A HUB that does not connect to 
another “higher” HUB. The 
downlink outputs, DXD and 
DXEN, are internally connected 
to the uplink outputs, UXD and 
UXEN. 


A HUB that connects to another 
“higher” HUB. Pins C11 and D11 
must be used as downlink 
inputs. 


A circuit module inside the HUB 
chip which protects the network 
from a station which is constant- 
ly transmitting. See Jabber. 


The data path going from a “‘low- 
er” HUB to the next “higher” 
HUB, or going from the stations 
to a HUB. 


PACKAGE DESCRIPTION 
48 Pin Ceramic 
MK5030P 


INCHES 


| MIN | 
[este [2028 
0.120 | 0.100 | 
~oo1s | 0.071 
[0.030 | 0.055" 
0.008 | 0.073 


0.100. | 0.165 
0.590 
0° 


PACKAGE DESCRIPTION 
48 Pin Plastic 
MK5030N 


al ne ai} of 


AT 0.100 + 0.010 (T.N.A.) 
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THOMSON: 


jn 


MOSTEK 


FEATURES 


L] 100% compatible with Ethernet and StarLAN IEEE 
802.3 specifications. 


CL) Supports data rates up to 10Mbps when the system 
clock is 8 MHz - 10 MHz. 


CL] Data packets moved by block transfers over a 
processor bus (on-board DMA controller 24-bit linear 
address space). 

LJ Buffer management. 


C) Packet framing. 


1 Preamble and Cyclic Redundancy Check (CRC) 
insertion. 


C) Preamble stripping and CRC verification. 

C1) General 16-bit microprocessor bus interface compat- 
ible with popular processors (68000, 8086, Z8000, 
LSI-11). 


C1 Cable fault detection. 


C) Multicast logical address filtration. 


0 Collision handling and retry. 

1 Scaled N-channel MOS VLSI technology. 

C) 48-pin DIP. 

C) Single 5-volt power supply. 

1 All inputs and outputs TTL compatible. 

[1 Completely compatible with companion Serial Inter- 


face Adapter (SIA) chips MK68591 and MK68592 and 
StarLAN station chips MK5033 and 5034.. 
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VARIABLE BIT-RATE (0.8 - 10 MHz) 
| IEEE 802.3 CONTROLLER 


ADVANCED INFORMATION 


COMMUNICATIONS PRODUCTS 


on oarkwn — 


Figure 1. MK5032 Pin Assignment 


DESCRIPTION 


The 5082 Variable Bit-Rate Controller is a 48-pin VLSI 
device that simplifies the interfacing of a microcomputer 
or a minicomputer to an IEEE 802.3 Local Area Net- 
work. This chip operates in a local environment that in- 
cludes a closely coupled memory and microprocessor. 
The MK5082 uses scaled N-channel MOS technology 
and is compatible with several microprocessors. 
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THOMSON) 


COMPONENTS 


9X eee 


3 MANCHESTER ENCODER/DECODER 


COMMUNICATIONS PRODUCTS 


_"®@ 


MOSTEK 


FEATURES 


LJ Conforms to StarLAN specifications. 


CMODEO 1 

L] Auto compensation for line reversal. XSEL1 2 
L] Compatible with most Ethernet controller chips. ee 3 
4 

LC Data rates DC to 2.66Mbps supported. RC 5 
XSELO 6 

CL] Manchester or Differential Manchester data CMODE1 7 
encoding/decoding. ETEN 8 

O Full duplex or half duplex. eae 
RENA 10 


CLSN 
RCLK 12 
CJ Supports Star, Bus, or Point-to-Point network to- RX 13 
pologies. GND 14 


L] Fiber optic compatible. 


C1) Collision detection circuitry with the following 
features: 

¢ Detects missing mid-bit transitions Figure 1. MK5033 Pin Assignment 

e Detects too many or too few transitions 

e External collision input pin 


LJ Optional end-of-frame detection. 
e Input protection at end-of-frame 1 On chip crystal oscillator, 16, 10, 8, or 6X operation. 


(J Loopback capability. [] CMOS technology. 


C1 Receive carrier automatically converted to a level 
signal. 


1 28-pin DIP. 


(1) Single 5-volt supply. 
(11 Optional Watchdog timer to prevent continuous 
transmission. C1 All inputs and outputs TTL compatible. 


1] Optional Echo timer to signal error if transmitted 


frame is not received. GENERAL DESCRIPTION 


CL] Optional Heartbeat generation. The MK5033 is a general purpose Manchester En- 
coder/Decoder. It incorporates several features that 

1 In 82586/82588 mode, insensitive to extra bits ahead make it an ideal StarLAN station chip. The MK5033 per- 
of preamble. forms three functions. It encodes data from a controller 
chip into Manchester or Differential data. It decodes 

C Digital phase-locked loop. Manchester or Differential Manchester data from the 
line transceiver and produces NRZ data and clock for 

the controller chip. It also detects collision and signals 


NOTE: Crystal inputs have CMOS thresholds. the controller chip that a collision has occurred. 


5-49 


5-50 


Spe 


AS 


FEATURES 


L] Integrated StarLAN transmitter and receiver. 

L] Conforms to StarLAN specifications. 

L] Auto compensation for wiring reversal. 

L} Compatible with most Ethernet controller chips. 


L] Data rates DC to 2.66Mbps supported. 


encoding/decoding. 
L] Full duplex or half duplex. 
L] Fiber optic compatible. 


CL] Supports Star, Bus, or Point-to-Point network to- 
pologies. 


[1 Collision detection circuitry with the following 
features: 
e Detects missing mid-bit transitions 
e Detects too many or too few transitions 
e External collision input pin 
e Carrier dropout 
e Watchdog timer 
e Echo timeout 


L] Optional end-of-frame detection. 
e Input protection at end-of-frame 


[] Loopback capability. 


1) Receive carrier automatically converted to a level 
signal. 


LJ Optional Watchdog timer to prevent continuous 
transmission. 


[1] Optional Echo timer to signal error if transmitted 
frame is not received. 


(J Optional Heartbeat generation. 


NOTE: Crystal inputs have CMOS thresholds. 


LL} Manchester or Differential Manchester data 


[I —e—Ee ENCODER/DECODER 


ADVANCED INFORMATION 


COMMUNICATIONS PRODUCTS 


CMODEO 1 28 VCC 
XSEL1 2 27 XD 
LBACK 3 26 XEN 

RD 4 ryan» 
RC 5 24 TCLK 
XSELO 6 23 ETDEN 

CMODE1 7 22 HBEN 
ETEN 8 21 AIEN 
WDTEN 9 20 DMANEN 


RENA 10 19 TENA 


CLSN 11 18 Xt 

RCLK 12 17 X2 
RX 13 16 ECLSN 
GND 14 15 RESET 


Figure 1. MK5034 Pin Assignment 


_] In 82586/82588 mode, insensitive to extra bits ahead 
of preamble. 


L] Digital phase-locked loop. 

(1) On chip crystal oscillator, 16, 10, 8, or 6X operation. 
L] CMOS technology. 

O 28-pin DIP. 

LC) Single 5-volt supply. 


LJ All inputs and outputs TTL compatible, except crys- 
tal and differential input and output pins. 


GENERAL DESCRIPTION 


The MK5034 is a general purpose Manchester En- 
coder/Decoder. It incorporates several features that 
make it an ideal StarLAN station chip. The MK5034 per- 
forms three functions. It encodes data from a controller 
chip into Manchester or Differential data. It decodes 
Manchester or Differential Manchester data from the 
line transceiver and produces NRZ data and clock for 
the controller chip. It also detects collision and signals 
the controller chip that a collision has occurred. 
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THOMSON 


COMPONENTS 


MOSTEK 


FEATURES 

L] Conforms with StarLAN specification. 
L} Supports multi-point extension. 

L} Auto compensation for line reversal. 


[] Compatible with Mostek MK68590 LANCE and In- 
tel 82586/82588. 


L] Close pin compatibility with SEEQ8023. 


L} Data rates to 2.66Mbps supported. 


L] Manchester data encoding/decoding. 


L] Collision detection circuitry with the following 
features: 
e Detects missing mid-bit transitions 
e Transitions too close together 
e Transitions too far apart 
e External collision input pin 
e Carrier dropout 
e Watchdog timer 
e AT&T Release 1 collision presence signal 
e Echo timeout 


L] Receive end-of-frame detection. 
e Input protection at end-of-frame 


L] Loopback capability. 


L] Receive carrier automatically converted to a level 
signal. 


L] Echo timer to signal error if transmitted frame is not 
received. 


L) Heartbeat generation. 


L] In 82586 mode, insensitive to extra bits ahead of 
preamble 


L] Digital phase-locked loop. 


LJ On chip crystal oscillator, 8X or 6X operation. 


NOTE: 
Crystal inputs have CMOS thresholds. 
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StarLAN ENCODER DECODER 


COMMUNICATIONS PRODUCTS 


wah 


o On oOo oOo FP WO ND 


Figure 1. MK5035 Pin Assignment 


[1] CMOS technology. 

C1] 20-pin DIP. 

(} Single 5-volt supply. 

CL) All inputs and outputs TTL compatible. 
GENERAL DESCRIPTION | 


The MK5035 is a Manchester Encoder/Decoder chip 
incorporating several features that make it an ideal 
StarLAN station chip. The MK5035 performs three func- 
tions. It encodes data from a controller chip into Man- 
chester data. It decodes Manchester data from the line 
transceiver and produces NRZ data and clock for the 
controller chip. It also detects collisions and signals the 
controller chip that a collision has occurred. 


The MK5035 has several enhancements for StarLAN 
and Multi-Point extension (MPE) StarLAN. These in- 
clude auto compensation for wiring reversal, echo timer, 
external collision detect, watchdog timer, and heartbeat, 
among others. 


PIN DESCRIPTIONS: 


CONTROLLER INTERFACE. 


RX Output 
RENA _ Output 
RCLK Output 
TX Input 
TENA Input 
TCLK Output 
CLSN Output 
TRANSCEIVER 
XD Output 
XEN Output 
RD Input 
RC Input 
ECLSN Input 


RX is the Sarai receive data after 


| _ decoding. 


This signal indicates that data is 


available to the controller on the 
RX output. 


RCLK is the receive data clock 
recovered from the incoming data 
RD. 


TX is the serial data to be trans- 
mitted. It is clocked into the chip 
by TCLK. 


This signal indicates that data is 
valid on the TX input. It goes ac- 
tive with the first bit of trans- 
mission. 


TCLK is the transmit data clock. 
All transmit interface signals are 
synchronized to this clock. 


This signal is asserted when a 
manchester violation is detected 
on the RD line or when the exter- 
nal collision input (ECLSN) goes 
active. 


INTERFACE 


Encoded transmit data output. 


Transmit output enable. This sig- 
nal goes low to indicate XD active. 
It goes high at the end of trans- 
mission. 


Encoded receive data input. 


Receive carrier input. Receive 
carrier can be either a pulse 
stream or an active low signal to 
indicate carrier active. The chip 
contains internal squelch circuitry, 
as shown in Figure 3, to convert 
a pulse signal to a level signal. 


External collision input. When this 


pin is held low for at least 20 nS, 
an external collision is signaled. 


OTHER PINS 


CMODE _ Input. 
CMODE = 
CMODE = 1, 
LBACK Input 
RESET Input 
XSEL 


Input 


This input allows the part to be - 


used with either Mostek or Intel : 


controllers: 
82586/82588 (See Note) 


Transmit data (TX) is:sampled on °- 
the rising edge of TCLK. 
Receive data (RX) transitions on 
the rising edge of RCLK. — 


TENA - active low. . 

RENA - active low - goes 
active when phase lock 
loop is locked. 

CLSN - active low 


MOSTEK LANCE MK68590 


Transmit data (TX) is sampled on 
the falling edge of TCLK. 
Receive data (RX) transitions on 
the falling edge of RCLK. 


TENA - active high 

RENA - active high - goes active 
when phase lock loop is 
locked. 

CLSN - active high 


When this input is low the part will 
be put into internal loopback. The 
transmit data will be internally 
looped back as receive data. See 
Figure 2. The outputs XD and 
XEN will be held inactive during 
loopback. 


When this pin is low the chip is in 
reset mode. All interface signals 
will be inhibited except TCLK. 
RESET must remain active for 
three TCLK periods. 


This input selects the Clock 
divider. 


If XSEL 
If XSEL 


O, it is 8X. 
1, it is 6X. 


NOTE: Compatibility with controller chips based on preliminary controller data 


sheets. 
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X1,X2 Inputs Crystal oscillator inputs. A crystal VCC Input +5V + 5% 
can be connected between these 
inputs, or a TTL level square wave GND 
can be connected to X1 while X2 
is left unconnected. 


OSCILLATOR CLOCK DIVIDER TCLK 


XSEL1 
WATCHDOG es 
TIMER | | —_—— RESET 
TENA XEN 
TRANSMIT ENCODER 
TX a 
ECHO 
TIMER 
HOST MODE 
CMODEO —— 
secon [| | ccs 
COLLISION een 
DETECTION 
RD 
oon MANCHESTER 
LBACK LOOP 
DECODER RENA 
RECEIVE 
CARRIER RCLK 


SQUELCH 


Figure 2. StarLAN Encoder Decoder. MK5035 
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MK5035 


EXTERNAL SQUELCH 


MK5035 


INTERNAL SQUELCH 


Figure 3. Internal Versus External Time Squeich 
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CIRCUIT DESCRIPTION 
TRANSMITTER 


The transmitter encodes NRZ data from the controller 
chip into the Manchester data. The diagram below 
shows the two encoding schemes. 


Data encoding and transmission begin when the con- 
troller chip brings TENA active. The start of data en- 
coding is delayed by two bits when in 82586/82588 
mode. T, is sampled using TCLK as the clock. The en- 
coded data is output on XD. XEN goes low with the first 
bit of data output on XD. The transmit delay, delay from 
TENA active to XEN active, is less than 1.5 TCLKs. The 
controller chip signals end of data by bringing TENA 
inactive. 


XD will be held high for an additional 1.5 TCLKs if the 
last data bit is a one, and for 2 TCLKs if the last data 


_ bit is a zero. During this time XEN is held active. 


RECEIVER 
The receiver consists of four major sections. 


1) Receive carrier squelch 
2) Internal loopback 


. 3) Digital phase locked loop 


4) Manchester decoder 


The receiver takes Manchester data in on RD, when 
receive carrier (RC) is active, and decodes the data 
into NRZ data and also produces clock (RCLK) from 
the data. The NRZ data is output to the controller on RX. 


RECEIVE CARRIER SQUELCH 


The Receive carrier pin has internal squelch logic that 
allows the signal to be either a level signal or a pulse 
train. Receive carrier is active low. The receive carrier 
must be present for 3 clock samples to be considered 
a valid carrier. Once the carrier is considered valid then 
it must be active for only one clock sample time every 
two bit times to remain valid. 


Automatic Compensation For Wiring Reversal 


When installing twisted pair telephone wiring, it is often 


difficult and expensive to maintain proper polarity on 
the wire pairs. The MK5035 will automatically compen- 
sate for this reversal. Any frame that is received with 
inverse polarity will be detected and decoded with the 
correct polarity. 


LOOPBACK 


When loopback is enabled (LBACK low), RD and RC 
are ignored. Transmit data is internally looped back as 
receive data. The transmitter outputs XD and XEN are 
disabled during loopback. 


DIGITAL PHASE LOCKED LOOP (DPLL) 


The digital phase locked loop is implemented with a 
counter that clears on each transition of the receive 
data. The phase locked loop will declare “lock” after 
receiving data that has two “long transitions”. A long 
transition occurs when the receive data does not 
change for at least 5/6 (5/8 in 8X mode) of a bit time. 


PROTECTION TIME 


After the end of a received frame the receiver is disa- 
bled for 20 bit times. This protection time guarantees 
immunity to spikes caused by transformer coupling af- 
ter the end of frame. 


COLLISION 


CLSN is an output to the controller chip that indicates 
a possible problem with the data. There are several 
sources of collision. 


1) Transitions too close together 
Collision is signaled if the receive data stream 
transitions too quickly. 


2) Transitions too far apart 
Collision is signaled if the receive data stream 
does not transition quickly enough and end of 
frame is not detected. 


3) Manchester violation 
If the data violates Manchester coding rules, then 
collision is signaled. 
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A Manchester violation is a missing mid-bit tran- 
sition. . 


4) Watchdog timer 
If the watchdog timer expires, then collision will 
be signaled. 


5) Echo timer 
If the echo timer expires, then collision will be 
signaled. | 


6) External collision 
If the external collision pin (ECLSN) goes low for 
at least 20ns, then collision will be signaled. 


7) Receive carrier lost during transmission 
If the MK5035 is transmitting and the receive car- 
rier goes active and then inactive before it is 
through transmitting, then collision is signaled. 


8) Heartbeat 
“Collision, as a result of heartbeat, will be sig- 
naled 8 TCLKs after TENA goes away, and colli- 
sion will remain active for at least 8 TCLKs. 


NOTE: If RC goes active within 510 bit times and then subsequently goes 
inactive before TENA goes inactive collision is activated. 


Once CLSN is activated it remains active until both 
TENA and RENA go inactive. The exception to this is 
heartbeat. If heartbeat signals collision, then collision 
is guaranteed to remain for 8 TCLKs. 


WATCHDOG TIMER 


The watchdog timer ensures that the MK5035 will not 
transmit for more than 32K bit times. The timer is start- 
ed when TXEN goes active. The timer resets when 
TXEN goes inactive. If TXEN remains active for more 
than 32K bit times, then the timer will time-out causing 
collision to be asserted and XEN to go inactive. If loop- 
back is enabled, watchdog timeout will occur after 1K 
bit times. 


ECHO TIMER 


When the echo timer is enabled the MK5035 expects 
the data that it is transmitting to be received on RD 
within 510 bit times. The echo timer is activated when 
TXEN goes active. If 510 bit times elapse before RENA 
goes active, then the timer will time out causing colli- 
sion to be activated. 
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ELECTRICAL SPECIFICATIONS 

This chapter provides tabular presentations for Absolute Maximum Ratings, DC Characteristics, Capacitance and 
AC Timing Specifications. In addition, illustrations are provided for an Output Load Diagram (Figure) and Station 
Timing Diagrams. 7 | 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias ........... 0.0.00. e ene e neuen euevens —25°C to +100°C 
Storage Temperature ............ 0.0. c cece cee eee e eee e cena eeeeueeaveveuns —65°C to +150°C 
Voltage on Any Pin with Respect to Ground ............. 0.0.00 cece cece e eens —0.5 V to Veg +05 V 
Power Dissipation (NO 1080) ic <isio0 45 scdeadtanedas ede bSon end ¥heew bode dednadd babwedanbudan 50mW 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of the specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS 
Ty = 0°C to 70°C, Voc = +5 V +5% unless otherwise specified. 


Vi 
ViH 


loc 


CAPACITANCE 
F = 1 MHz 


lO 


AC TIMING SPECIFICATIONS 
Ta = 0°C to 70°C, Veg = +5 V +5% unless otherwise specified. 


x [Tu [Xtewine—SSCSC~<“—~—~—~—wCSS 
x va [ 
; ef 
: To 


Xt Fall time of X1 
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AC TIMING SPECIFICATIONS (cont.) 
Ta = 0°C to 70°C, Vog = +5 V +5% unless otherwise specified. 


Zl SIGNAL ISYMBOL| PARAMETER wie te 


XEN Ta XEN delay from X1 | XENdelayfromXt ss si—i‘i‘wLSi‘( 
eet eee 
| [xO |__| Transmit jitter| Toxot—Toxot =2 | | | 
| [TUK [Tox | TOK deleytromxt | 
Sa cS 6 
Se ee rare ee ee 
| [TENA |Trenss | TENAsotuptoxt 0 ee | 
| [TENA [Trenan| TENAhoWd from xt 0 | 
| [ECUSN | Teacan | Minimum detected pues with | | | 20 
eee ee a oe ae oe 
Rie wi ere Ee 
RC ah ae ee ee 
SLT aE eee Ea 
FRD [Tron | RDholdfromxXt i rs Fh ae ee 


Jrpe RD Incoming Jitter Tolerance, 
6X mode 

Jrps RD Incoming Jitter Tolerance, 
8X mode 


ee hg ee 
TR te [RK del tomt — 
[RUC [Tacx | ROLKceaytom xe SSSCS~sSC~C~rSCSa 
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2 —______» 
X41 4 <i -—— —— 5 
3-—-———___> 
Figure 4. External TTL X1 Timing Diagram 
x1 


XEN TN / 


XD 


13 CMODE = 1 


= ‘4 (LANCE - 68590) 
) 15 — 


TENA 
—»>| 16 18 
= @ bel te f}— 
TX 
I 
20 ! CMODE = 0 
| , 82586 
a (82586) 
22| | 22 | 
CLSN aaa. 


Figure 5. Transmit Timing Diagram 
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Figure 6. Receiver Timing Diagram 
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PACKAGE DESCRIPTION 
20 Pin Plastic | 
MK5035N 


— 


¢ ¢ 


018 
| . 021 
9 EQUAL SPACES 
@ .100 


NOTE: Overall length includes .010 flash on either end of package 
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MOSTEK 


FEATURES 

O Integrated StarLAN transmitter and receiver. 
(1 Conforms with StarLAN specifications. 

L] Auto compensation for wiring reversal. 


CL] Compatible with Mostek MK68590 LANCE and In- 
tel 82586/82588. 


C Closse pin compatibility with SEEQ8023. 
CL) Data rates to 2.66Mbps supported. 
LC] Manchester data encoding/decoding. 


11 Compatible with most proposed MPEs (multi-point 
extensions). 


1 Collision detection circuitry with the following 
features: 
e Detects missing mid-bit transitions 
e Detects too many or too few transitions 
e External collision input pin 
e Carrier dropout 
e Watchdog timer 
e AT&T Release 1 collision presence signal 
e Echo Timeout 


OO Receive end-of-frame detection. 
e Input protection at end-of-frame 


[1 Loopback capability. 


1 Receive carrier automatically converted to a level 
| signal. 


1 Echo timer to signal error if transmitted frame is not 
received. 


(1 Heartbeat generation. 


1 In 82586 mode, insensitive to extra bits ahead of 
preamble 


CO) Digital phase-locked loop. 


NOTE: 
Crystal inputs have CMOS thresholds. 


StarLAN MANCHESTER ENCODER EE 


ADVANCED INFORMATION 


COMMUNICATIONS PRODUCTS 


o on om a fF WO NY = 


—_ 
i=) 


Figure 1. MK5036 Pin Assignment 


1 On chip crystal oscillator, 8X or 6X operation. 
CL] CMOS technology. 

C) 20-pin DIP. 

0 Single 5-volt supply. 


QO All inputs and outputs TTL compatible, except crys- 
tal and differential input and output pins. 


GENERAL DESCRIPTION 


The MK5036 is a Manchester Encoder/Decoder chip 
incorporating several features that make it an ideal 
StarLAN station chip. The MK5036 performs three func- 
tions. It encodes data from a controller chip into Man- 
chester data. It decodes Manchester data from the line 
transceiver and produces NRZ data and clock for the 
controller chip. It also detects collisions and signals the 
controller chip that a collision has occurred. 


The MK5036 has several enhancements for StarLAN 
and Multi-Point extension (MPE) StarLAN. These in- 
clude auto compensation for wiring reversal, echo timer, 
external collision detect, watchdog timer, and heartbeat, 
among others. 
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IN é9 COMPONENTS 


COMMUNICATION 
PRODUCTS 


PRELIMINARY 
DATA SHEET 


FEATURES 


C1 CMOS 
C1 Fully compatible with both 8 or 16 bit systems. 
C1 System clock rate to 10 MHz. 


1 Data rate up to 7 MBPS with 64 bytes FIFOs i in each 
direction. 


CL] Complete Level 2 Implementation. 


C1 Compatible with X.25 LAPB, ISDN LAPD, X.32, and 
X.75 Link Level Protocols. 


0 48-pin DIP nearly pin-for-pin compatible with the 
Mostek LANCE chip (MK68590). 


OC Buffer Management includes: 
Initiatization Block 
Separate Receive and Transmit Rings 
Variable Descriptor Ring and Window Sizes. 


1 On chip DMA control and programmable burst 
length. 


Oj Selectable single or extended control field. 
(1 Programmable address field and Global Address. 
1) Extended address format (1 or 2 bytes). 


O Handles all HDLC (ADCCP) frame formatting: 
Zero bit insert and delete 
FCS generation and detection 
Frame delimiters by flags 


O Handles all error recovery, sequencing, and S and 
U frame control. 


1 Transparent mode allows disabling X.25 processing 
for customized protocols. 


O) Selectable FCS of 16 or 32 bits. 


1 Data Link Services: 
Compatible with ISO Data Link Services 
Compatible with LAPD Data Link Services. 


1 Testing Facilities: 
Internal Loopback 
Silent Loopback 
Optional Internal Data Clock Generation 
Self Test. 


VSS-GND 1 VCC (+5V) 
DALO7 2 DALO8 
DALO6 3 DALOS 
- DALOS5 4 DAL10 
DALO4 5 DAL11 
DALO3 6 DAL12 
DALO2 7 DAL13 
DALO1 8 DAL14 
DALOO 9 DAL15 
READ 10 AiG 
INTR™ 11 A17 
DALI* 12 A18 
DALO” 13 A19 
DAS” 14 A20 

BMO*, BYTE” 15 A21 
BM1*, BUSAKO” 16 A22 
HOLD*, BUSRQ* 17 A23 

ALE, AS* 18 RD 
HLDA* 19 DSR 
cs* 20 TD 
ADR 21 SYSCLK 
READY* 22 RCLK* 
RESET” 23 DTR 

VSS-GND 24 TCLK 


Figure 1. Pin Connection 


DESCRIPTION 


The Mostek X.25 Link Level Controller (MK5025) is a 
VLSI semiconductor device which provides a complete 
link level data communication control conforming to the 
1984 CCITT version of X.25. This includes frame for- 
matting, transparency (so-called “bit-stuffing’’), error 
recovery by retransmission, sequence number control, 
U (unnumbered) frame control, and S (Supervisory) 
frame control. The MK5025 also supports X.32 (XID), 
X.75, and ISDN LAPD. The MK5025 may be used with 
any of several popular 16 and 8 bit microprocessors, 
such as 68000, 6800, 68200, Z8000, Z80, LSI-11, 8086, 
8088, 8080, etc. 
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PIN DESCRIPTION 


LEGEND: 


| Input only 
O Output only 
lO —- Input/Output 


SIGNAL NAME 


DAL <15:00> 


READ 


INTR* 


DALI* 


DALO* 


DAS* 


BMo0* 
BYTE 


BM1* 
~ BUSAKO* 


PIN(S) 


2-9 
40-47 


11 


12 


13 


14 


15 


16 


TYPE 


lO/3S 


lO/3S 


O/OD 


O/3S 


O/3S 


lO/3S 


O/3S 


O/3S 


3S 3-State 
OD = Open Drain (no internal pull-up) 
* Active low (i.e. inverted) 


DESCRIPTION 


The time multiplexed Data/Address bus. During the address portion of the 
memory transfer, DAL<15:00> contains the lower 16 bits of the memory 
address. During the data portion of a memory transfer, DAL <15:00> con- 
tains the read or write data, depending on the type of transfer. For 8-bit trans- 
fers the above statements only apply to DAL<07:00>, DAL<15:08> are 
treated the same as A<23:15> (see below). 


READ indicates the type of operation that the bus controller is performing 
during a bus transaction. READ is driven by MK5025 only while it is the BUS 
MASTER. READ is valid during the entire bus transaction and is tristated 
at all other times. 


MK5025 as a Bus Slave 


READ 
READ 


HIGH - Data is placed on the DAL lines by the MK5025. 
LOW - Data is taken from the DAL lines by the MK5025. 


MK5025 as a Bus Master 


READ 
READ 


HIGH - Data is taken from the DAL lines by the MK5025. 
LOW - Data is placed on the DAL lines by the MK5025. 


INTERRUPT is an attention interrupt line that indicates that one or more 
of the following CSRO status flags is set: MISS, MERR, ROR, TUR, RINT, 
TINT or PINT. INTERRUPT is enabled by CSRO<09>, INEA=1. 


DAL IN is an external bus transceiver control line. DALI* is driven by MK5025 
only while it is the BUS MASTER. DALI* is asserted by MK5025 when it 
reads from the DAL lines during the data portion of a READ transfer. DALI" 
is not asserted during a WRITE transfer. 


DAL OUT is an external bus transceiver control line. DALO* is driven by 
MK5025 only while it is the BUS MASTER. DALO* is asserted by MK5025 
when it drives the DAL lines during the address portion of a READ transfer 
or for the duration of a WRITE transfer. 


DATA STROBE defines the data portion of a bus transaction. By definition 
data is stable and valid at the low to high transition of DAS*. This signal is 
driven by MK5025 while it is the BUS MASTER. At all other times the signal 
is tristated. 


I/O pins 15 and 16 are programmable through CSR4. 


Pins 15 and 16 are programmable through bit 00 of CSR4 (BCON). 
If BCON = 0, 

I/O PIN 15 = BMO* (O/3S) 

I/O PIN 16 = BM1* (O/3S) 


BYTE MASK <1:0> Indicates the byte(s) on the DAL to be read or written 
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HOLD“ 
BUSRQ* 


ALE 
AS* 


17 


18 


lO/OD 


O/3S 


during this bus transition. MK5025 drives these lines only as a Bus Master. 
MK5025 ignores the BM lines when it is a Bus Slave and assumes word 
transfers. | 


Byte selection is done as outlined in the following table. 


BM1* BMO* 

LOW LOW ENTIRE WORD 

LOW HIGH UPPER BYTE 
(DAL <15:08 >) 

HIGH LOW LOWER BYTE 
(DAL <07:00 >) 

HIGH HIGH NONE 


If BCON = 1, 
VO PIN 15 = BYTE (O/8S) 
I/O PIN 16 = BUSAKO* (0) 


Byte selection is done using the BYTE line and DAL<00> latched during 
the address portion of the bus transaction. MK5025 drives BYTE only as 
a Bus Master and ignores it when a Bus Slave. Byte selection is done as 
outlined in the following table. 


BYTE DAL <00> 

LOW LOW ENTIRE WORD 

LOW HIGH ILLEGAL CONDITION 
HIGH LOW LOWER BYTE 

HIGH HIGH UPPER BYTE 


BUSAKO* is a bus request daisy chain output. If MK5025 is not requesting 
the bus and it receives HLDA*, BUSAKO* will be driven low. If MK5025 is 
requesting the bus when it receives HLDA*, BUSAKO* will remain high. 


IF BCON CSR3<00> BCON = 0 
I/O PIN 17 = HOLD* 


Pin 17 is programmable through bit 00 of CSR4. HOLD* request is asserted 
by MK5025 when it requires a DMA cycle regardless of the state of the 
HOLD* pin. Hold’ is held low for the entire ensuing bus transaction. 


IF BCON CSR3<00> BCON = 1 
/O PIN 17 = BUSRQ* 


- BUSR@Q* is asserted by MK5025 when it requires a DMA cycle if the prior 


state of the BUSRQ* pin was high. BUSRQ* is held low for the entire ensu- 
ing bus transaction. 


The active level of ADDRESS STROBE is programmable through bit 01 of 
CSR4. The address portion of a bus transfer occurs while this signal is at 
its asserted level. This signal is driven by MK5025 while it is the BUS 
MASTER. At all other times, the signal is tristated. 


IF ACON CSR3<01> ACON = 0 
VO PIN 18 = ALE 


ADDRESS LATCH ENABLE is used to demultiplex the DAL lines and de- 
fine the address portion of the transfer. As ALE, the signal transitions from 
high to low during the address portion of the transfer and remains low dur- 
ing the data portion. 
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HLDA* 


CS* 


ADR 


READY* 


RESET* 


TCLK* 


DSR 


RCLK* 


SYSCLK | 


TD 
DTR 


RD 


A<23:16> 


VSS-GND 


VCC 


19 


20 


21 


22 


23 


25 


—26 


ar 


28 


29 
30 


31 
32-39 


1, 24 


48 


lO/OD 


O/3S 


IF ACON CSR3<01> ACON = 1 
I/O PIN 18 = AS* 


As AS’, the signal pulses low during the address portion of the bus transfer. 
The low to high transition of AS* can be used by a slave device to strobe 
the address into a register. 


HOLD* ACKNOWLEDGE is the response to HLDA*. When HLDA is low in 
response to MK5025’s assertion of HOLD, the MK5025 is the Bus Master. 
HLDA* should be disasserted ONLY after HOLD* has been released by 
MK5025. 


CHIP SELECT indicates, when low, that MK5025 is the slave device for the 
data transfer. CS* must be valid throughout the data portion of the trans- 
action. 


ADDRESS selects the Register Address Port or the Register Data Port. It 
must be valid throughout the data portion of the transfer and is only used 
by the chip when CS* is low. 


ADR PORT 
LOW REGISTER DATA PORT 
HIGH REGISTER ADDRESS PORT 


When MKS025 is a Bus Master, READY* is an asynchronous acknowledge- 
ment from the bus memory that memory will accept data in a WRITE cycle 
or that memory has put data on the DAL lines in a READ cycle. 


As a Bus Slave, MK5025 asserts READY* when it has put data on the DAL 
lines during a READ cycle or is about from take data off the DAL lines dur- 
ing a WRITE cycle. READY* is a response to DAS* and it will be negated 
after DAS* is negated. 


RESET* is the Bus signal that will cause MK5025 to cease operation, clear 
its internal logic and enter an idle state. 


TRANSMIT CLOCK. A 1X clock input for transmitter timing. TD changes 
on the falling edge of TCLK*. TCLK* must be greater than 100 bps and less 
than 7 Mbps. 


DATA SET READY. Modem control pin. The value of DSR can be con- 
trolled/observed from CSRS. 


RECEIVE CLOCK. A 1X clock input for receiver timing. RD is sampled on 
the rising edge of RCLK*. RCLK* must be greater than 100 bps (bits per 
second) and less than 7 Mbps. 


- SYSTEM CLOCK. System clock used for internal timing of MK5025. SYSCLK 


should be a square wave, and be greater than 500 KHz and less than 10 MHz. 
TRANSMIT DATA. Transmit serial data output. 


DATA TERMINAL READY. Modem control pin. The value of DTR can be con- 
trolled/observed from CSRS. 


RECEIVE DATA. Received serial data input. 


Address bits <23:16> used in conjunction with DAL<15:00> to produce 
a 24 bit address. MK5025 drives these lines only as a Bus Master. 


Power Supply Pin. 
+5.0 VDC +-—5% 
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HOST PROCESSOR 


(68000, 8086, Z8000, ETC) 


16-BIT DATA BUS INCLUDING 
24 BIT ADDRESS AND BUS CONTROL 


MEMORY 


(MULTIPLE 
DATA BLOCKS) 


SLAVE PROCESSOR 
(68200) 
**OPTIONAL** 


PARALLEL 1/0 
CHIP 
(68230, 3881) 


LINE DRIVERS 
AND RECEIVERS 


LINE DRIVERS 
AND RECEIVERS 


ELECTRICAL I/O 
(SUCH AS RS-232C) 


DATA COMM. CONNECTOR 


(SUCH AS RS-449) 


Figure 2. Possible System Configuration for the MK5025 


re 
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INTR* 


READY* 


DALI* 
DALO* 
HLDA’ 
HOLD* 
ALE, AS’ 
BMO* 
BMI" 
S* 
ADR 
101 
102 


FIRMWARE 
ROM 


MICRO TIMERS 


DAL <00:15 > 
A<16:23> 


DMA 


CONTROLLER CONTROLLER TI-TP 


INTERNAL BUS 


—— 
TRANSMITTER VSS-GND 
FIFO 
RESET 
RCLK* TCLK* 
/ TRANSMITTER 
RD TD 


LOOPBACK TEST 


Figure 3. Simplified Block Diagram 
i 
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OPERATIONAL DESCRIPTION 


The Mostek X.25 Link Controller (MK5025) device is a 
VLSI product intended for data communication appli- 
cations requiring X.25 link level control (LAPB). The 
MK5025 will perform all frame formatting, such as frame 
delimiting with flags, FCS generation and detection, as 
well as zero-bit insertion and deletion for transparen- 
cy. The MK5025 also includes a buffer management 
mechanism that allows the user to transmit and/or 
receive multiple packets. Contained in the buffer 
management is an on-chip dual channel DMA: one 
channel for receive and one channel for transmit. The 
MK5025 handles ail supervisory (S) and unnumbered 
(U) frames. (See Table |.) 


The MK5025 is intended to be used with any popular 
16 or 8 bit microprocessor, such as the 68000 possible 
system configuration for the MK5025 is shown in figure 2. 


The MK5025 will move multiple blocks of receive and 
transmit data directly into and out of memory through 
the Host’s bus. An I/O acceleration processor, such as 
the MK68200 Single Chip Micro-Computer, could be 
used to off-load Network Level software from the Host. 
The I/O acceleration processor in figure 2 is recom- 
mended, but not required. 


All signal pins on the MK5025 are TTL compatible. This 
has the advantage of making the MK5025 independent 
of the physical interface. As shown in Fig. 2, line drivers 
and receivers are used for electrical connection to the 
physical layer. 


SERIAL INTERFACE 


The MK5025 provides two seperate serial channels; 
one for received data and one for transmitted data. 
These serial channels are completely seperate and may 
be run at different clocks frequencies up to 7 MHz. The 
receiver is responsible for recognizing frame bound- 
aries, removal of inserted zeroes (for transparency), and 
checking the incoming FCS. Frames with incorrect FCS 
values are discarded. The receiver also parallelizes the 
incoming data which is placed into the receive data 
buffers within the receive descriptor ring. The receiver 
also recognizes link idle and frame abort sequences. 
The transmitter is responsible for framing and serializ- 
ing the data frames placed in the transmit descriptor 
ring. The transmitter calculates the FCS of the outgo- 
ing data and appends it to the data. The transmitter 
generates flag sequences for interframe fill, at least two 
flags are transmitted between adjacent frames. The 
FCS calculations for both directions of serial data op- 
tionally follow either the 16-bit CRC-CCITT or the 32-bit 
CRC-32 algorithms. FCS generation and checking can 
also be optionally disabled if necessary. 


MICROPROCESSOR INTERFACE 


The MK5025 can interface with the host bus in two 


ways: either as bus master or as a bus peripheral. The 
MK5025 contains a dual channel DMA on chip to han- 
dle data transfers to and from the host memory. All ac- 
cess to the initialization block and descriptor rings is 
handled in this way. The address bus is 24 bits wide 
and does not use any segmentation or paging methods. 
Data transfers can optionally be 8 and 16 bit operations, 
this allows easy interfacing with both 8 and 16 bit 
processors. DMA transfers can be up to 1, 8 or an un- 
limited number of words per transfer under program 
control. In bus slave mode the MK5025 allows access 
to its 6 control/status registers which are used to moni- 
tor and control the chip. These registers are used to con- 
trol link procedures, configure interface options, control 
and monitor interrupt status, and more. Bus slave mode 
also allows both 8 and 16 bit accesses. 


BUFFER MANAGEMENT 


The basic organization of the buffer management is a 
circular queue of tasks in memory called descriptor 
rings. There are separate rings to describe the trans- 
mit and receive operations. Up to 256 buffers may be 
queued-up on a descriptor ring awaiting execution by 
the MK5025. The descriptor ring has a segment as- 
signed to each buffer. Each segment holds a pointer 
for the starting address of the buffer, and holds a value 
for the length of the buffer in words (16 bits). 


Each segment also contains two control bits called 
OWNA and OWNB, which denote whether the MK5025, 
the HOST, or the I/O ACCELERATION Processor (if 
present) “owns” the buffer. For transmit, when the 
MK5025 owns the buffer, the MK5025 is allowed and 
commanded to transmit the buffer. When the MK5025 
does not own the buffer, it will not transmit that buffer. 
For receive, when the MK5025 owns a buffer, it may 
place received data into that buffer. Conversely, when 


the MK5025 does not own a receive buffer, it will not 
place received data in that buffer. 


The MK5025 buffer management mechanism will han- 
dle frames which are longer than the length of an in- 
dividual buffer. This is done by a chaining method which 
utilizes multiple buffers. The MK5025 tests the next seg- 
ment in the descriptor ring in a “look ahead” manner. 
If the packet is too long for one buffer, the next buffer 
will be used after filling the first buffer; that is, “chained”. 
The MK5025 will then “look ahead”’ to the next buffer, 
and chain that buffer if necessary, and so on. 


The operational parameters for the buffer management 
are defined by the user in the initialization block. The 
parameters defined include the basic mode of opera- 
tion, the number of entries for the transmitter and 
receiver descriptor rings, frame Address field, and etc. 
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PROTOCOL 


The MK5025 contains a full implementation of the 1984 
CCITT X.25 data link layer. It allows both basic and ex- 
tended control fields, variable window sizes, and user- 
defined counter and timer values. Extended address- 


ing and UI frames are optionally available for use in 
ISDN LAPD applications. XID and TEST frames are 
available for use in X.32. The interface between the 
MK5025 and the host (layer 3) conforms to both the ISO 
data link services standard and the ISDN LAPD data 
link services standard. 


CSR2, CSR3 


POINTER TO INIT- RECEIVER DESCRIPTOR RINGS 


IALIZATION BLOCK 


ADDRESS RCV BUFFER 0 
BUFFER 0 STATUS 
BUFFER 0 BYTE COUNT 


INITIALIZATION BLOCK 


FRAME ADDRESS 
FIELD 


TIMER VALUES 


RECEIVE DESCRIPTOR 
RING SET-UP 


RECEIVE BUFFER 


PACKET 


PACKET 
1 ; 


PACKET 


rf °o 
@ 2 ce) 


TRANSMIT DESCRIPTOR TRANSMIT DESCRIPTOR RINGS TRANSMIT BUFFER 


RING SET-UP 


XID/TEXT RECEIVE 
DESCRIPTOR 


XID/TEXT TRANSMIT 
DESCRIPTOR 


STATUS BUFFER 
ADDRESS 


ERROR COUNTERS 


ADDRESS XMIT BUFFER 0 
BUFFER 0 STATUS 
BUFFER 0 BYTE COUNT 


PACKET 


PACKET 
1 


PACKET 
N 


| Figure 4. MK5025 Buffer Management 
ee 


5-74 


The command/response repertoire of the MK5025 is Information frame 

shown in Tables la and Ib. This set conforms to ISDN Unnumbered Information 

LAPD and X.32, which are super-sets of X.25 Link Lev- Receive Ready 

el. The MK5025 will process the S and U frames shown Disconnect 

in Table |, and will handle the A and C fields for all | Receive Not Ready 

and UI frames. Unnumbered Acknowledge 
Reject | 

The definitions for the symbols for the frame types are: Frame Reject 


Set Asynchronous Balance Mode ~ 
Disconnect Mode 

Exchange Identification 

Link Test frame 
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Table la. MK5025 Command/Response Repertoire. 
Modulo 8 Operation 


Information 

Transfer 

Supervisory RR 
Te RNR 
REJ REJ 


=a soot ot at | OOO 


mk ok, eek ks ek 
o}-o0 0 += —_/|/}0O00 
ooooo°o-_-_;-00 
-o+-+-'0000 
-—-~-0oO00+-00 


Table Ib. MK5025 Command/Response Repertoire. 
Modulo 128 Operation. 


Fema eens [fase 


entero 
Transfer 
RR 


0 
Supervisory 1 0 O 0 0 
ws + &@ Tt @ 0 
REJ 1 0 O0O 1 0 
Unnumbered . Y 4 1 0 
1 1 1 1 0 
1 1 1 1 1 
1 1 #0 0 0 
1 1 0 0 0 
1 + 0 @ 0 
t 7 4 0 1 
1 1 0 1 


* XID and UI Frames can be individually enabled for compatibility with X.32 
and LAPD respectively. TEST frames are enabled with XID frames. 


5-76 


MK5025 ELECTRICAL SPECIFICATION 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias........ 00.0 ccc eee eececceee. —25°C to +100°C 
Storage Temperature..........0.0 00... c ce cceennnnnneneceeeceaes —65°C to +150°C 
Voltage on Any Pin with Respect to Ground............ 0. c cece ccc ec ce ec ec cece e cece. -7Vto +7V 
Power Dissipation. «ccs h% ee nnn bs gaew as 0b bb 0¥ew owe cesin aux bbue bbs deeb ube Ru kG haenweus, 0.75 W 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS 
T,=0°C to 70°C, Veg = +5 V +5 percent unless otherwise specified. 


fsvweot[ PARAMETER SSSSSS*Y SN | UNS 
A 
a 
vv 


V 
@ Vin = 04 t0 Voc | to | 


. 


CAPACITANCE 
F=1 MHz 


SYMBOL | PARAMETER 


a ns 
Cour | 
a eee 


AC TIMING SPECIFICATIONS 
Ty = 0°C to 70°C, Vog = +5 V +5 percent, unless otherwise specified. 


TEST 
SIGNAL | SYMBOL | PARAMETER CONDITIONS 


SYSCLK SYSCLK period 
3 | SYSCLK TCLK high time 


TD Trtpp TD data propagation delay after the CL = 50 pF 
falling edge of TCLK* 

TD TtpH TD data hold time after the falling edge | CL = 50 pF 
of TCLK* 
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AC TIMING SPECIFICATIONS 
T, = 0°C to 70°C, Vog = +5 V +5 percent, unless otherwise specified. 


FRCL [Te |ROU Tow we fT 


©21/RD | Tros RD setup time prior to rising | RD setup time prior to rising edge of RCLK* | of RCLK* RD setup time prior to rising edge of RCLKY | = ss | 8 | 


AIDAL | Tporr | Bus Master driver disable after rising edge 
of HOLD* 
AIDAL | Tpon Bus Master driver enable after falling edge | Tscy = 100 nS 
of HLDA* 
HLDA® | Tuya, Delay to falling edge of HLDA* from 
falling edge of HOLD* (Bus Master) 


Se ee ee 
Address setup time to falling edge | Address setup time to falling edge of ALE | Address setup time to fallingedge of ALE) = ss | 100 || 


Address hold time after the rising edge of 
DAS* 
DAL Address setup time to the falling edge of 75 
ALE 
DAL Address hold time after the falling edge 
of ALE 
DAL Trpas | Data setup time to the rising edge of DAS* 
(Bus master read) 
DAL TrpayH | Data setup time to the falling edge of DAS* 
: (Bus master read) 
33 | DAL Topas Data setup time to the falling edge of DAS* 
(Bus master write) 
34 | DAL Twos Data setup time to the rising edge of DAS* 
(Bus master write) 
35 | DAL TwbH Data hold time after the rising edge of 
DFAS (Bus master write) 
36 | DAL Tsrpy =| Data hold time after the rising edge DAS*| Toor = 100 nS 
(Bus slave read) 
37 | DAL TswoH Data setup time to the falling edge of DAS* 
(Bus slave read) 
DAL Tswps_| Data setup time to the falling edge of DAS* 
(Bus slave a 


s[AE[Taew [AtEwatnigh ——SsSC=~iSC“‘CSNC* CYC 
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AC TIMING SPECIFICATIONS 
= 0°C to 70°C, Veg = +5 V +5 percent, unless otherwise specified. 


TEST ae 
SIGNAL | SYMBOL | PARAMETER CONDITIONS 
TDALE Delay from rising edge of DAS* to the 70 
rising edge of ALE 


Das’ wiathiow TT 
DAS* Tapas _ | Delay from the falling edge of ALE to the 
falling edge of DAS* 
43 | DAS* Tripe Delay from the rising edge of DALO* 
the falling edge of DAS* (Bus master read) 


oa ‘onal TROoIF Delay from the rising edge of DALO* to 


| S 
isi 70 
the falling edge of DALI* (Bus master read) 
i heal Tris DALI" setup time to the rising edge of 
DAS* (Bus master read) 
47 | DALI* Tein DALI* hold time after the rising edge of 
DAS* (Bus master read) 
48 | DALI* TRIOF Delay from the rising edge of DALI" to 70 
the falling edge of DALO* (Bus master read) 
DALO* | Tos DALO* setup time to the falling edge of 110 
ALE (Bus master read) 
DALO* | Tron DALO* hold time after the falling edge of 
ALE (Bus master read) 
DALO* | Twps; | Delay from the rising edge of DAS" to 
the rising edge of DALO* (Bus master write) 
CS* Tosy CS* hold time after the rising edge of 
DAS* (bus slave) 
CS" Toss CS* setup time to the falling edge of 
DAS”* (Bus slave) 
ADR Tsay ADR hold time after the rising edge of 
DAS* (Bus slave) 
| ADR setup time to the ao ee edge of 
Tos | Bae ao ee slave) 
READY* | Taryp | Delay from the falling edge of ALE to the| Tscy = 100 eas i.e 
falling edge READY* to insure a mini- 
mum bus cycle time (600 nS) 
57 | READY“ ian Data setup time to the falling edge of 
Toros | Raab (Bus slave read) 
READY* Trpyy | READY’ hold time after the rising edge 
of DAS* (Bus master) 
READY* | Tspyy | READY* hold time after the rising edge of | Tgcy = 100 eee 
DAS* (Bus slave) 
anes | TsRH READ hold time after the rising edge of 
DAS* (Bus slave) 


ial hail Tsrs READ setup time to the falling edge of 
DAS* (Bus slave) 


the rising edge of DAS* 
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R, = 1.2K 


CR, -CR, IN914 OR EQUIVALENT 
FROM OUTPUT 
UNDER TEST 


C, = 100pf min @ 1 MHz 


cR, 


CR, 


cR, 


RCLK* 


RD 


TCLK* 


TD 


TIMING MEASUREMENTS ARE MADE AT THE FOLLOWING VOL- 
TAGES, UNLESS OTHERWISE SPECIFIED. 


qe? ‘ig? 


OUTPUT 


2.0 V 0.8 V 
INPUT 2.0 V 0.8 V 
FLOAT Vv 0.5 V 


Figure 6. MK5025 Serial Link Timing Diagram 
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HOLD 


HLDA 


A 16-23 


ALE 


READY 


DAL 0-15 
(WRITE) 


DALO 
(WRITE) 


DALI 
(WRITE) 


READ 
(WRITE) 


DAL 0-15 
(READ) 


DALO 
(READ) 


DALI 
(HEAD) 


READ 
(READ) 


BM 0,1 


' - 200 300 400 500 
I | | | 


600 


23 


~ 


/, ADDRESS 


22 


| 


ma 


DATA OUT 


NOTE: The Bus Master cycle time will increase from 
a minimum of 600 ns in 100 ns steps until 
the slave device returns READY. 


Figure 7. MK5025 Bus Master Timing Diagram 
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A 


36 


dy 1, 


READ 
(WRITE) 


38 37 


DALO-15 
(WRITE) 


Figure 8. MK5025 Bus Slave Timing Diagram 
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’ THOMSON 
COMPONENTS ~ COMMUNICATION 
@ MOSTEK PRODUCTS 


ADVANCE INFORMATION 
DATA SHEET MK5027 


FEATURES 
VSS-GND 1 VCC (+5V) 
U CMOS DALO7 2 DALO8 
DALOG6 3 DALO9 
LI Fully compatible with both 8 or 16 bit systems. DALOS 4 DAL10 
DALO4 5 DAL11 
L) System clock rate to 10 MHz. DALO3 6 DAL12 
DALO2 7 DAL13 
L}] Data rate up to 7 MBPS. DALO1 8 DAL14 
DALOO 9 DAL15 
L] Complete Level 2 Implementation. READ 10 A16 
INTR™ 11 MK5027 A17 

LJ Compatible with 1984 CCITT Signalling System DALI* 12 A18 

Number 7 link level protocol. DALO" 13 A19 
DAS* 14 A20 

C] 48-pin DIP pin-for-pin compatible with the Mostek BMO", BYTE" 15 A21 
X.25 chip (MK5025) and nearly pin-for-pin compati- emt, g PUSARO oe nae 
ble with the Mostek LANCE chip (MK68590). erp Busha — 

ALE, AS” 1 R 
| aon Hi - 

LC) Buffer Management includes: cs* 20 TD 
Initialization Block ADR 21 SYSCLK 
Separate Receive and Transmit Rings READY” 22 RCLK* 
Variable Descriptor Ring and Window Sizes. RESET” 23 102 

VSS-GND 24 TCLK 


L} On chip DMA control with programmable burst 


length. NOTE: 
Pins 1 through 24 and 32 through 48 are identical functions to the Mostek 


LANCE chip (MK68590). 
L] Selectable BEC or PCR retransmission methods, in- Figure 1. Pin Connection 
cluding forced retransmission for PCR. 


DESCRIPTION 
CL} Handles all 7 SS7 Timers. 
The Mostek Signalling System #7 (SS7) Link Level Con- 
1 troller (MK5027) is a VLSI semiconductor device which 
= Lehi he Rta em ial provides a complete link level data communication con- 
FCS generation and detection trol conforming to the 1984 CCITT version of SS7. This 
Frame delimiting with flags includes frame formatting, transparency (so-called “bit- 
stuffing’), error recovery by two types of retransmission, 
error monitoring, sequence number control, link status 
(} Handles all sequencing and link control. control, and fill frame generation. Once of the outstand- 
ing features of the MK5027 is its buffer management 
which includes on-chip DMA. This feature allows users 
to handle multiple packets of receive and transmit data 
at a time. (A conventional data link control chip plus a 


_] Selectable FCS of 16 or 32 bits. 


CL] Testing Facilities: separate DMA chip would handle data for only a single 
Internal Loopback block at a time.) The MK5027 may be used with any 
Silent Loopback of several popular 16 and 8 bit microprocessors, such 
Optional Internal Data Clock Generation as 68000, 6800, 68200, Z8000, Z80, LSI-11, 8086, 8088, 
Self Test. 8080, etc. 
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CHAPTER 6 - INTEGRATED CIRCUITS 
SHORT FORM 


me 
—_ 


SEMICUSTOM GA SERIES - 3 MICRON DOUBLE LEVEL METAL HCMOS GATE ARRAYS 
GB SERIES - 2 MICRON DOUBLE LEVEL METAL HCMOS GATE ARRAYS 
GC SERIES - 1.2 MICRON DOUBLE LEVEL METAL METAL HCMOS GATE 


pd pk 


ARRAYS 1 

SA SERIES - 3 MICRON DOUBLE LEVEL METAL HCMOS STANDARD CELL 
FAMILY 1 

SB SERIES - 2 MICRON DOUBLE LEVEL METAL HCMOS STANDARD CELL 
FAMILY — 2 

TSC SERIES - HIGH PERFORMANCE ECL/TTL OXIDE - ISOLATED BiPOLAR 

GATE ARRAYS 3 
DATA COMMUNICATION LANCE and SIA 4 
X.25 CONTROLLER A 
TELECOMMUNICATION — SWITCHING 4-5 
CIRCUITS COFIDECs 4 
CODECs 5 
TRANSIENT PROTECTION 5 
_ TELEPHONE SET 5-6 
DATA CONVERSION 6 
PROGRAMMABLE FILTERS 7 
MODEMs 7 
MILITARY PRODUCTS MEMORIES 8 
MICROCOMPONENTS 8-9 
MICROCOMPUTERS / DEVELOPMENT & EMULATION 10 
MICROPROCESSORS 4-BIT MICROPROCESSORS: 2900 FAMILY 10 
8-BIT MICROPROCESSORS: 6800 FAMILY i 
~ MK3880 (Z80) FAMILY 1 
8-BIT PERIPHERALS: 6800 FAMILY 2 
MK3880 (Z80) FAMILY 2 
16-BIT MICROPROCESSORS: 68000 FAMILY 13 
4-BIT MICROCOMPUTERS: ET 9400 FAMILY 13 
8-BIT MICROCOMPUTERS: EF6804 FAMILY 14 
EF6805 FAMILY 14 
MK3870 FAMILY 14 
EF6801 FAMILY 14 
STANDARD MICROCOMPUTER: MK3870 (97xxx) FAMILY 15 
16-BIT MICROCOMPUTERS: MK68200 FAMILY 15 
MEMORIES ZEROPOWER AND TIMEKEEPER RAMs 16 
BATTERY BACK-UP RAMs 16 
BiPORT DEVICES 16 


———— | 4. THOMSON COMPONENTS - MOSTEK CORPORATION | 


MEMORIES (Con'’t.) STATIC RAMs 


17 
VERY FAST STATIC RAMs 17 
NMOS EPROMs 17 
CMOS EPROMs 18 
ONE-TIME PROGRAMMABLE EPROMs 18 
BIPOLAR PROMs 18 

AUTO-PROTECTED 
CONTROLS DRIVERS (LAMPS, RELAYS, TRIACS, MOTORS...) 19 
SENSORS, DETECTORS 19 
J-FET OP-AMPs SINGLE et) 
DUAL 19 
QUAD 20 
cece 
BIPOLAR OP-AMPs SINGLE | 20 
DUAL 20 
QUAD 20 
ee ae re a ee 
COMPARATORS SINGLE | 20 
DUAL 21 
QUAD 21 
eet gaia nc gg 
VOLTAGE REGULATORS FIXED 21 
ADJUSTABLE 21 
LOW DROP OUT AUTOMOTIVE py 
Kh SSSSSSSSSSSSSSSSs 
POWER-CONTROLLER — SWITCH MODE POWER SUPPLY 22 
eee 
TIMERS, MISCELLANEOUS . 22 
ee 
MOTOR DRIVERS STEPPER MOTOR CONTROLLERS 22 
a ee a a ec ee ee ee 
TELEVISION SET DEFLECTION : 23 
COMPONENTS VIDEO AND SOUND IF CIRCUITS 23 
PERITELEVISION 24 
24 


REMOTE CONTROL-CHANNEL SELECTION 


AUDIO COMPONENTS AF AMPLIFIERS 24 
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SEMICUSTOM PRODUCTS 
SUMMARY 


° CMOS Technologies to 1.2 Microns 
e ECL and TTL Bipolar Families 
e 28 to 208 Pin Package Capability 


e Flexible Design Interface 


GA SERIES - 3 MICRON DOUBLE LEVEL METAL HCMOS GATE ARRAYS 


INTERNAL % 1/0 POWER TOTAL PACKAGE OPTIONS - PINS 
PART NO. GATES UTILIZATION CELLS PADS PADS DIP C/PLCC C/PGA 
GA1000 1152 95 64 a 68 28-48 28-68 68 
GA2000 2016 95 84 é 88 28-48 44-84 68-84 
GA3000 3016 95 104 4 108 40-48 84-100 89-120 
GA4000 4080 95 120 © 124 40-48 84-100 89-120 


GB SERIES - 2 MICRON DOUBLE LEVEL METAL HCMOS GATE ARRAYS 


INTERNAL % 1/0 POWER TOTAL PACKAGE OPTIONS - PINS 

PART NO. GATES UTILIZATION CELLS PADS PADS DIP C/PLCC C/PGA 

GB1000 1120 98 56 12 68 28-48 44-68 68 
GB2000 2128 98 56 IZ 88 28-48 44-84 68-84 
GB3000 3264 98 96 12 108 — 84-100 84-100 
GB4000 4256 98 96 12 108 — 84-124 84-120 
GB6000 5880 98 132 12 144 _ *100-124 84-144 
GB8000 7872 98 168 16 184 _ . 124 144-180 
GB10000 9776 98 192 16 208 — ' 124 * 180-208 


GC SERIES - 1.2 MICRON DOUBLE LEVEL METAL HCMOS GATE ARRAYS 


INTERNAL % 1/0 POWER TOTAL PACKAGE OPTIONS - PINS 

PART NO. GATES UTILIZATION CELLS PADS PADS DIP C/PLCC C/PGA 

GC1000 1120 98 56 12 68 28-48 44-68 68 
GC2000 2128 98 56 12 88 28-48 44-84 68-84 
GC3000 3264 98 96 12 108 —_ 84-100 84-100 
GC4000 4256 98 96 12 108 — * 84-124 84-120 
GC6000 5880 98 132 12 144 _ *100-124 84-144 
GCs000 7872 98 168 16 184 — 124 144-180 
GC10000 9776 98 192 16 208 _ 124 * 180-208 


SA SERIES - 3 MICRON DOUBLE LEVEL METAL 
HCMOS STANDARD CELL FAMILY 


e Large multipower macro set features silicon commpiled RAM, ROM, and PLA Arrays configured to your needs 


e Large I/O Family available in both pad limited and core limited layouts 


* Ceramic only 


————— | 4. THOMSON COMPONENTS - MOSTEK CORPORATION 


1 


SEMICUSTOM PRODUCTS 


SB SERIES - 2 MICRON DOUBLE LEVEL METAL 
HCMOS STANDARD CELL FAMILY 


¢ 3 micron functions can be migrated into 2 micron 
e RAM, ROM, PLA, arithmetic, and microprocessor core functions in addition to full SA macro set. 
e Standard cell packages are customer specified from 20 pin PDIPS to 208 pin CPGA with CLCC, PLCC, and PPGA 


¢ Commercial, industrial, and military temperature ranges 


FEATURES 

e Fully compatible range of gate arrays and standard cells with identical macros, design libraries and packages. 
¢ Highland 2™ Design Support - VAX™/VMS based with Tegas™/HILO™/ZILOS™ simulation. 

¢ Popular workstation support - Mentor Graphics™, Daisy" Systems, IBM™ PC Based Systems. 

¢ Full commercial, industrial, and military temperature ranges with MIL STD 883C Level B screening. 

¢ GB and GC series incorporate built-in design-for-test cells 


e Full Performance Ranges - 


FAMILY INTERNAL GATE DELAY (NS) 


SERIES TYPICAL WORST CASE 
GA 3 Micron 2.3 4.5 
GB 2 Micron 0.8 2.5 
GC 1.2 Micron . 0.5 1.5 
SA 3 Micron 1.5 4.0 
SB 2 Micron 0.9 2.5 


e Broad Package Selection - 


PACKAGE STYLE* 


DUAL IN CHIP PIN GRID. 
PINS LINE CARRIER ARRAY 
28 P/C P/C 
40 P/C 
44 P/C 
48 P/C 
52 P/C 
64 C 
68 P/C P/C 
84 P/C P/C 
100 Cc 
120 Cc P/C 
144 Cc 
180 Cc 
208 


? P - Plastic C - Ceramic : 
—————— 
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SEMICUSTOM PRODUCTS 
TSC SERIES - HIGH PERFORMANCE ECL/TTL 


OXIDE-ISOLATED BIPOLAR GATE ARRAYS 


INTERNAL % /0 POWER TOTAL PACKAGE OPTIONS - PINS 


PART NO. GATES UTILIZATION CELLS PADS PADS DIP C/PLCC C/PGA 
TSCO6 748 95 52 12 . 64 24-64 28-68 68 
TSC12 1338 95 72 12 84 40-69 44-84 . 68-84 
TSC17 1712 95 88 12 100 64 68-84 68-120 


FEATURES 

e Internal gate delay - 0.8ns typ 

e ECL I/O pair delay - 2.0ns typ 

¢ TTL I/O pair delay - 8.0ns typ 

¢ All I/O cells may be configured as input, output, or bidirectional pins 

e True 10K ECL compatible interface with optional 2KQ pull down resistor on-chip 

e True LS-TTL compatability with 8 mA and 16 mA options and three-state or open collector capability 
e Full commercial, industrial and military temperature ranges with MIL STD 883C level B screening 


e Extensive macro library with VAX™ mainframe and popular EWS design support tools 


Highland 2™ - Trademark of Mostek Corporation. 

VAX™ - Trademark of Digital Equipment Corporation. 

VMS™ - Trademark of Digital Equipment Corporation. 

ZILOS™ - Trademark of Zycad Corporation. 

Mentor Graphics™ - Trademark of Mentor Graphics Corporation. 

Tegas™ - Trademark of the Calma Company. 

Daisy™ - Trademark of the Daisy Systems Corporation. 

IBM™ - Registered trademark of International Business Machines Corporation. 
HILO™ - Registered trademark of GenRad Corporation. 
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TELECOMMUNICATIONS/DATA COMMUNICATIONS 
DATA COMMUNICATION CIRCUITS 


Local Area Networks 


PART NO. _FUNCTION PACKAGE 
MK68590 i Local Area Network Controller for Ethernet (LANCE), 48 DIP 
cheapernet 
MK68591 Serial Interface Adapter (SIA) with 10 Mb/s Manchester encoder/decoder 24 DIP 
for Ethernet, cheapernet, etc. 600 MIL width 
MK68592 Serial Interface Adapter (SIA) same as 68591, but in smaller package 24 DIP 
3 300 MIL width 
MK5030* Starlan Hub 48 DIP 
MK5033* General purpose Manchester encoder/decoder 28 DIP 
MK5035* Starlan Station 20 DIP 


Packet Switching 


PART NO. "Os, FUNCTION PACKAGE 
MK5025E* Customer programmable version of 5025 84 PGA 
MK5025* CMOS CCITT, X.25 LAPB/LAPD controller 48P DIP 


* To be introduced 


SWITCHING 


Switching connection and concentration 


PART NO. — TECHNOLOGY FUNCTION SUPPLY PINS 
EF7332 . NMOS PCM clock recovery. : +5 16 
EF7333 NMOS PCM communication terminal. + 5V 28 


Subscriber Board: Single channel COFIDEC 


PART NO. TECHNOLOGY FUNCTION SUPPLY PINS 
a a a a Se SS a Tg SO. Te RS MO 7 
ETC5040 CMOS Single channel PCM monolithic filter + 5V 16 


compatible with NSC TP3040 


Single channel A-law serial COFIDEC 
ETOS0S7 eMpS compatible with NSC TP3057 


Single channel p-law serial COFIDEC 
Se aMas compatible with NSC TP3054 


ETC5067 CMOS Single channel A-law serial COFIDEC 
with push-pull power amplifiers 


ETC5064 CMOS Single channel p-law serial COFIDEC 
with push-pull power amplifiers 


ETC5056 CMOS Single channel A-law parallel COFIDEC 


compatible with NSC TP3056 + 5V 20 


Single channel u-law parallel COFIDEC 
ETC5051 
— eNOS compatible with NSC TP3051 


H- 


5V 20 


TELECOMMUNICATIONS/DATA COMMUNICATIONS 


7 | ____ SWITCHING . 


Subscriber Board (Continued) — 


PART NO. TECHNOLOGY FUNCTION SUPPLY PINS 
MK5116 CMOS p-Law, serial output, CODEC + 5V 16 
MK5151 CMOS p-Law, parallel output, CODEC + 5V 24 
MK5156 CMOS A-Law serial CODEC + SV 16 
MK5316 CMOS u-Law, companding CODEC with filters. + 5V "16 
MK5320 oN CMOS y-Law, companding CODEC with filters | + 5V 20 


and power amplifiers 


MK5326 CMOS A-Law, companding CODEC with filters + BV 20 
; and power amplifiers 


MK5356 CMOS A-Law, companding CODEC with filters. + 5V 16 


PART NO. TECHNOLOGY FUNCTION PACKAGE 
TPA62 Bipolar Bidirectional transient protection breakdown voltage Axial Leads 
To 62V = TPA62 F126 
TPA270 270V = TPA270 
Max Power = 1.3W #4 
TPB62 *. Bipolar - Bidirectional transient protection breakdown voltage ee Axial Leads 
To 62V = TPB62 CB429 
TPB270 270V = TPB270 


Max Power = 5W 


TPC62 Bipolar Dual bidirectional transient protection breakdown voltage To 220 
To 62V = TPC62 
TPC270 270V = TPC270 


Max Power = 20W 


PART NO. TECHNOLOGY FUNCTION SUPPLY PINS 
TEA3046 Bipolar Monochip transmission and DMTF Dialer Line supply 28 
TEA7031 Bipolar Loudspeaker amplifier. Line supply 28 
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TELECOMMUNICATIONS/DATA COMMUNICATIONS 
TELEPHONE SET 


PART NO. TECHNOLOGY FUNCTION SUPPLY PINS 

MK5102 CMOS Tone Decoder - decodes the 16 standard + 5V 16 
DTMF tones 

MK5103 CMOS Tone Decoder - decodes the 16 standard 455 16 
DTMF tones 

MK5175 CMOS Pulse only dialer 2.0V to 10.0V 16 

MK5370 CMOS Tone/Pulse switchable dialer, 2 5V to 6.0V 18 


with last # redial 


Tone/Pulse switchable dialer 
’ : ‘ 1 
mon CNG with BCD input and last # redial Bier st GAB a 


MK5372 CMOS Full feature dialer, with BCD input, 2.5V to 6.5V 24 
for European market 


MK5375 CMOS Tone/Pulse switchable dialer +2.5V to +6.0V 18 
- _ with 10 number memory 


MK5376 CMOS Tone/Pulse switchable dialer with 10 number 2 5V to 6.0V 24 
memory for European market 


MK5380 CMOS Low cost tone only dialer 2.5V to 10.0V 16 


HIGH SPEED DATA CONVERSION 


PART NO. FUNCTION SAMPLING SUPPLY PINS 
RATE 
TS8306 6-bit flash ADC 20 MHz +5V 16 
TS8307 7-bit flash ADC 20 MHz +5V 20 
TS8308 8-bit flash ADC 20 MHz +5V 24 
TS8328 8-bit flash ADC (min. version of TS8308) 20 MHz +5V 20 
UA1005 4-bit flash ADC 30 MHz +5V 24 
TS8408 8-bit voltage output DAC ' _ 25 MHz +5V, —3V 16 
TS8428 8-bit voltage output DAC 5 MHz +5V Ra 16 
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TELECOMMUNICATIONS/DATA COMMUNICATIONS 
HCMOS MASK PROGRAMMABLE FILTERS (MPF) 


MPF are complete CMOS switched capacitor filters in only one small package 
8-pin version: Filter only 
16-pin version: Filter + two uncommitted general purpose op-amps 


— Compatible pin-outs 
— Supply: +5V or 0/10V (0/5V also possible) 
— Available in DIL package (Ceramic, cerdip, plastic) and soon available in SO package. 


Standard filters (General purpose) 


PART NO. | FUNCTION CUT-OFF 
FREQUENCY RANGE 

TS8510 Sth order Cauer (elliptic)-Low pass (33 dB stopband) 10 Hz to 20 kHz 

TS8511 7th order Cauer (elliptic)-Low pass (50 dB stopband) 10 Hz to 17 kHz 

TS8512 7th order Cauer (elliptic)-Low pass (75 dB stopband) 10 Hz to 20 kHz 

TS8513 8th order Chebychev-Low pass (0.15 dB ripple) 15 Hz to 25 kHz 

TS8514 8th order Butterworth-Low pass (Max. flat) 10 Hz to 12 kHz 

TS8530 3rd order Cauer-High pass 10 Hzto 7 kHz 

TS8531 6th order Cauer-High pass 10 Hzto 4 kHz 

TS8532 6th order Chebychev-High pass 10 Hz to 3.6 kHz 
tT cc A i linens opciones gaan 

TS8540 6th order rejector (Notch) 10 Hzto 4 kHz 
eke acess A sng epi ee pte pce ims heer 

TS8550 6th order Cauer-Band pass (Q = 8) 10 Hz to 10 kHz 

TS8551 8th order-High selectivity-Band pass (Q = 35) 20 Hz to 20 kHz 


Custom filters (Specific applications) 


PART NO. FUNCTION 


TS8508/Cust.ID “A la carte”’ filters according to customer specifications. 
Any kind of filter can be realized with magnitude and/or phase specifications (possible order: up to 8). 
Development lead time: 6 weeks. 


PART NO. TECHNOLOGY FUNCTION BAUD RATE SUPPLY 
Asynchronous monochip FSK modem Tx: 75/1200 5V 

penne _ CCITT-V23 compatible. Rx: 75/200 = 

ee 
a Monochip DPSK modem. CCITT-V22 Tx: 1200 

EEG7B Ie euoy and BELL212A compatible. Ri: drop co! Guplex tay 
Asynchronous monochip FSK modem Tx: 

EF7910 NMOS CCITT-V21-V23, BELL103-102 compatible. bel 300/600/1200 +5V 
Compatible with AMD7910 x 

TS68930" HMOs2 High performance 20 MHz 5V 
Digital signal processor 

TS68931" HMOS2 External ROM version of TS68930 20 MHz 5V 

TS68950* ; CMOS Modem analos front end transmitter Up to 19200 bps +5V 

TS68951* CMOS Modem analog front end receiver Up to 19200 bps +5V 

7868952" CMOS Modem analog front end XMIT/RCVR Up to 19200 bps +5V 


Clock generator 


* To be introduced 
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MILITARY PRODUCTS 


* To be introduced 


4-BIT MICROPROCESSORS 


MEMORIES 


PART NO. DESCRIPTION ORG. ACCESS CYCLE TIME loe TEMPERATURE . PINS GRADE 
TIME 
MKB/J4501P _ Biport FIFO 512 x9 80, 100, 120, 100, 120,140, 90mA -55°C<T,s +125°C 28 883/JAN* 
150, 200 ns 175, 235 ns 
MKB4501E Biport FIFO 512 x9 80, 100,120, 100,120,140, 90mA -55°C <T,s +125°C. 32 883 
150, 200 ns 175, 235.ns 
MKB41H68P CMOS SRAM 4K x 4 25, 35 ns 25, 35 ns 100pA =-55°C<T,5+125°C 20 883/JAN* 
MKB41H68E CMOS SRAM 4K x 4 25, 35 ns 25, 35 ns 100pA =-55°C<T,=+125°C. 20 883/JAN* 
MKB41H68F CMOS SRAM 4K x 4 25, 35 ns 25, 35 ns 100pA -55°CST,5+125°C 20 883* 
MKB4801AJ Fast SRAM 1K x 8 70, 90, 120, 70, 90,120, 120mA -55°C<T,<+125°C 24 883 
150, 200 ns 150, 200 ns 
MKB4801AE Fast SRAM 1K x 8 70, 90, 120, 70, 90,120, 120 mA —55°C alas +125°C 32 883 
. 150, 200 ns 150, 200 ns 
MKB4801AP Fast SRAM 1K x 8 70, 90, 120, 70, 90,120, 120mA -55°C <Tos +125°C 24 883 
150, 200 ns 150, 200 ns ‘: 
MKB6116J CMOS SRAM 2K x 8 250 ns 250 ns 80 mA -55°C<T,.s+125°C 24 883 
MKB6116LJ CMOS SRAM 2K x 8 250 ns 250 ns 60 MA -55°C<T,=+125°C 24 883 
_.MKB4116J DRAM | 16K x 1 150, 200, 250 ns 320, 375, 410 ns Depend -55°CsT,s+110°C 16 883 
= on output ae 5 
loading . 
MKB4116P DRAM 16K x 1 200, 250 ns 375, 410 ns_ Depend -55°CsT,<+110°C 16 883/JAN 
on output 
loading 
MKB/J4564P DRAM 64K x 1 150, 200 ns 260, 345 ns 45 mA —55 °C=Tos +110°C 16 883/JAN 
MKB4564E DRAM 64K x 1 150, 200 ns 260, 345 ns 45 mA -55°C <Tos +110°C 18 883 
MKB45F56P DRAM 256K x 1 100, 150 ns 175,260ns 50mA_ -—-55°C <TQos+110°C 16 883/JAN* 
MKB45F56E DRAM 256K x 1 100, 150 ns 175,260 ns 50mA -—55°C STos+110°C 18 883/JAN* 


2900 FAMILY 


PART NO. FUNCTION _ ALT. SOURCE is PINS GRADE 
TS2901BMCB/B —_—4-bit bipolar microprocessor slice Am2901B 40 883 
-TS2901CMCB/B Improved speed 4 Bit microprocessor slice AM2901C 40 883 
TS2910MCB/B Microprogram controller Am2910 40 883 
TS2911AMCB/B Microprogram sequencer Am2911A 20 883 
TS2914MCB/B ~~ Vectored priority interrupt controller Am2914 40 883 
TS2915AMCB/B Quad 3-State Bus Transceiver with interface logic Am2915A 24 883 
TS2917AMCB/B Quad 3-State Bus Transceiver with interface logic Am2917A 20 883 
TS2918MCB/B Quad D register with standard and 3-State Outputs » Am2918 16 883 
TS2919MCB/B Quad D register with Dual 3-State Outputs Am2919 > 20 883 


LL 
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MILITARY PRODUCTS 


8-BIT MICROPROCESSORS Z80 FAMILY 


PART NO. TECHNOLOGY CLOCK FREQ. (MHz) FEATURES ALT. SOURCE PINS GRADE 
MKB3880P NMOS 2,5,4 Central Proc. Unit Circuit 7 8400ZCAOM 40 883 
MKB3882P NMOS 2,5 Counter Timer 8430ZCOOM 28 883 
PART NO. TECHNOLOGY CLOCK FREQ. (MHz) FEATURES ALT. SOURCE PINS GRADE 
EF6800MCB/B NMOS 15. 8-bit microprocessor, 16-bit MC6800 40. «883 
addresses, 72 instructions 
EF6802MCB/B’ ~~ NMOS. “59 4.550 2 aA SSOOMPU, 128 bytes of RAMs. mggade 40 883 
| ) On-chip oscillator ) : : 
: * High performance 8-bit MPU, | 
EF6809MCB/B ; 
ae HNPS bbe 6800 compatible, On-chip oscillator sida = cee 
EF6821MCB/B NMOS 1,15 Peripheral Interface Adapter (PIA) MC6821 40 883 
EF6840MCB/B NMOS . 11:5 Programmable Timer Module (PTM) MC6840~—C=s 28 883 
Asynchronous Communication 
EF B ; 
6850MCB/B NMOS 41.5 Interface Adapter (ACIA) © MC6850 24 883 
= M Synchronous Serial Data 9 
F6852MCB/B NMOS 1,13 Adapter (SSDA) MC6852 4 883 
a nc ms 


Advanced Data-Link 
EF6854MCB/B peered 1,1.5 Controller (ADLC) a MC6854 28 hones | 


EF6810MCB/B. NMOS 1,1.5 128 x 8 S-RAM | MC6810 ——s24 883 


Available in ceramic and cerdip DIL packages as well as ceramic chip-carriers. 


16-BIT MICROPROCESSORS 68000 FAMILY 


PART NO. _ TECHNOLOGY CLOCK FREQ. FEATURES ALT. SOURCE PINS GRADE 


(MHz) 
an ee cen rn TO cea roa 
MKB/J68000P HMOS 4,6,8: ~~ aeaeceeecr MC68008-8 64 B83/JAN 
with 32-bit internal structure 
TS68000MCB/B8 HMOS 8 16-bit microprocessor MC68008-8 64 883 
TS68000MCB/B10 10 with 32-bit internal structure MC68000-10 
TS68000MCB/B12 12 
TS68008 MCB/B8 8 16-bit microprocessor MC68008-8 
TS68008MCB/B10 — 10 with 8-bit data bus MC68008-10 = i 
TS68008MCB/B12 12 


Seca a Ln 
Also available in ceramic DIL packages, pin-grid arrays and ceramic or chip-carrier. 


TS68230MCB/B 8 : ; MC68230-8 48 883 
TS68230MCB/B HMOS 10 Parallel interface/timer MC68230-10 


Available in ceramic DIL package and ceramic chip-carrier. 
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MICROPROCESSORS/MICROCOMPUTERS 


DEVELOPMENT & EMULATION 8-BIT 


PART NO. FUNCTION 

EFT-DEVO General purpose development board (16K bytes shared RAM) 
EFT-MU94 ET9400 family (CMOS and NMOS) emulator 

EFT-MU940 TS94000 family emulator 

EFT-MUP4 EF6804P2/J2, EF68HCO4P3 emulator 

EFT-MUP5 _ EF6805P2/P4/P6, EF6805R2/U2, EF6805R3/U3 emulator 
EFT-MUCT EF6805CT emulator 

EFT-MUTV EF6805TV emulator 

EFT-EMUO EF6800, EF6802, EF6808 emulator 


EFT-EMU9 EF6809, EF6809E emulator 


< u i - 


DEVELOPMENT & EMULATION _16-BIT 


PART NO. FUNCTION 


MK78237 ~’ The EVAL-68200 is a single card computer for 
evaluation of the 68200 MCU. On board 16K byte EPROM 
monitor software including assembler/disassembler for 68200 


MK78240 The INICE-68200, hardware development station provides 
the capability of emulating the MK68200 MCU in a target 
system, on board monitor software to write, debug, execute 
and test 68200 programs 


SE 


4-BIT MICROPROCESSORS 2900 FAMILY 


PART NO. FUNCTION ALT. SOURCE PINS 
TS2901B 4-bit bipolar microprocessor slice Am2901B 40 
TS2901C “Improved speed 4 Bit microprocessor slice Am2901C 40 
TS2902A High speed look-ahead carry generator Am2902A 16 
TS2909A Microprogram sequencer Am2909A 28 
TS2910 Microprogram controller Am2910 40 
TS2911A Microprogram sequencer Am2911A 20 
TS2914 Vectored priority interrupt controller Am2914 40 
TS2915A Quad 3-State Bus Transceiver with interface logic Am2915A 24 
TS2917A Quad 3-StateBus Transceiver with interface logic Am2917A 20 
TS2918 Quad D register with standard and 3-State Outputs Am2918 16 
TS2919 Quad D register with Dual 3-State Outputs Am2919 20 
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MICROPROCESSORS/MICROCOMPUTERS 
8-BIT MICROPROCESSORS ___6800 FAMILY 


PARTNO. | TECHNOLOGY CLOCK FREQ. (MHz) FEATURES ALT. SOURCE PINS 
EF6800 1 bea : MC6800 
EF68A00 NMOS 15 BO eh ctinns MC68A00 40 
EF6802 ; 1 MC6802 
EF68A02 NMOS 15 page Pinte by bytes of RAM, MC68A02 40 
EF68B02 2 on-chip oscillator MC68B02 
EF6803 { ae MC6803 
EF68A03 HMOS 15 ane aa ee see. MC68A03 40 
EF68B03 : 2 HPs ee ros SVE Mer MC68B03 
TS6303R* 1 8-bit CMOS microprocessor, 
TS63A03R* HCMOS 1.5 16-bit-add. bus, multiply, HD6303R 40 
TS63B03R"* 2 RAM: 128b, SCI, timer 

compatible with EF6803 
EF6803U4 1 dae a MC6803U4 
EF68A03U4 HMOS 1.5 SAE enticed’ MC68A03U4 40 
EF68B03U4 2 peers Amer | MC68B03U4 
EF6808 1 MC6808 
EF68A08 NMOS 1.5 6800 MPU, on-chip oscillator MC68A08 40 
EF68B03 3 ) 2 MC68B08 
EF6809 3 1 MC6809 
EF68A09 HMOS 15 i ade ga ate - MC68A09 40 
EF68B09 2 : eres chip OSonlalor MC68B09 
EF6809E 1 MC6809E 
EF68A09E HMOS 15 pro god len. gee ee a ‘ MC68A09E 40 
EF68BO9E 2 jp gti, i cua areal MC68B09E 
TS68008-8 8 me - MC68008-8 
TS68008-10 HMOS 10 Cece bus MC68008-10 40 
TS68008-12 12.5 WED) Seger wee US MC68008-12 


oe le a 
Available in plastic, ceramic, cerdip DIL packages and plastic or ceramic chip-carriers. 


8-BIT MICROPROCESSORS __MK3880 (Z80") FAMILY 


PART NO. TECHNOLOGY CLOCK FREQ. (MHz) FEATURES ALT. SOURCE PINS" 
MK3880-00 2 Z8400 
MK3880-04 NMOS 4 Z80 Central Processing Unit Z8400A 40 
- MK3880B-06 ~ . 6 ight: Z8400B _ | 
 MK3831 CMos a 46 MCU - Real Time Clock/RAM . is ) 3 


MK3835 MCU - Real Time Clock 


* To be introduced 
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MICROPROCESSORS/MICROCOMPUTERS 
8-BIT PERIPHERALS 6800 FAMILY 


PARTNO. | TECHNOLOGY CLOCK FREQ. (MHz) FEATURES. ALT. SOURCE PINS 

EF6821 . : MC6821 

EF68A21 NMOS 15 Peripheral Interface Adapter (PIA) MC68A21 40 

EF68B21 : 2 MC68B21 

EF6840 | 1 , | MC6840 

EF68A40 NMOS 1.5 Programmable Timer Module (PTM) MC68A40 28 

EF68B40 2 MC68B40 

EF6850 1 | ; sf sf ee MC6850 

EF68A50 NMOS 15 fanclub por wumpation | MC68A50 24 

EF68B50 9 ___iftertace: Adagter (AGIA) MC68B50 
HRS ei rangi es per A lt SIMA sig gy ale he 

EF6852 : MC6852 

EF68A52 NMOS 15 Pediat ct Data MC68A52 24 

EF68B52 2 apter (SSDA) MC68B52 

EF6854 : MC6854 

EF68A54 NMOS 15 ; least a MC68A54 28 

EF68B54 2 ontroller (ADLC) MC68B54 

EF6846 NMOS 1 ROM-I/O timer MC6846 40 

EF6810 1 MC6810 : 

EF68A10 NMOS 15 12 x 8 S-RAM . MC68A10 24 

EF68B10 . 2 MC68B10 


Alphanumeric, semigraphic 


nea NMOS display processor-25/21 rows Pk Si 40 
of 40 char.-Color and B/W 
Single chip alphanumeric 
and semigraphic display processor 

EF9345 _ HMOS 25/21 rows of 40 or 80 char. AG 


Multipage memory. Color and B/W 


Graphic display coprocessor. 
EF9367 HMOS Up to 512 x 1024-Interlaced oh. 40 
50/60 Hz-Color and B/W 


. | i . ; | “Palette” circuit for selection of eS, 
EF9369. ~~. . HMOS 16 colors among 4096, compatible a. Wee Pie. 
ores with all display circuits " 


Available in plastic, ceramic and cerdip DIL packages as well as plastic and ceramic chip-carriers. 


8-BIT PERIPHERALS —_ MK3880 (Z80) FAMILY 


PART NO. TECHNOLOGY CLOCK FREQ. (MHz) — FEATURES ALT. SOURCE PINS 
MK3881-00 2.5 Z8420 
MK3881-04 NMOS 4 Parallel Input/Output Controller (PIO) 78420A 40 
MK3882-00 2 

- 5 , ‘hee 28430 
MK3882-04 NMOS A Counter timer circuit (CTC) 78430A 28 
MK3883-00 25 

: 28410 
MK3883-04 NMOS 4 Direct Memory Access (DMA) Z8410A 40 
MK3884-00 25 

: : Z8440 

MK3884-04 NMOS 4 ASYREISYNG Serial Input/Output Z8440A 40 
MK3885-00 2 

‘ 5 28441 
MK3885-04 NMOS 4 SIO-1 Channel Sync/Async ZB441A 40 
MK3887-00 2.5 7 

“ ; 28442 
MK3887-04 NMOS 4 SIO-2 Channel Sync/Async Z8442A 40 
MK3801-00 2.5 = 
MK3801-04 NMOS 4 Serial Timer Interrupt (STI) mo 40 
MK3801-06 6 _ 

Se 
* To be introduced Available with plastic (N) or ceramic (P) dual in-line package 
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MICROPROCESSORS/MICROCOMPUTERS 


16-BIT MICROPROCESSORS 68000 FAMILY 


PART NO. TECHNOLOGY CLOCK FREQ. (MHz) FEATURES ALT. SOURCE PINS 
TS68000-8 8 MC68000-8 

TS68000-10 HMOS 10 16-bit microprocessor MC68000-10 64 
TS68000-12 12.5 with 32-bit internal structure MC68000-12 

TS68000-16 16 _ 

TS68008-8 8 - MC68008-8 

TS68008-10 HMOS 10 TS68000 8-bit bus version MC68008-10 48 
TS68008-12 12.5 MC68008-12 


Also available in ceramic DIL packages, pin-grid arrays and ceramic or plastic chip-carrier. 


16-BIT PERIPHERALS 68000 FAMILY 


PART NO. TECHNOLOGY CLOCK FREQ. (MHz) FEATURES ALT. SOURCE PINS 


MK68230-8 ; 8 MC68230-8 

MK68230-10 HMOS. 10 Parallel interface/timer MC68230-10 48 
TS68230-12 1 2.5 MC68230-12 

: | High performance , 
TS68483 - HMOS 15 graphic processor MK68483 64 
MK68564 HMOS 3-4-5 Serial I/O MK68564 48 
: CMOS multifunction } 7 
TS68HC901 HCMOS 4 peripheral | | 46 
MK68901 HMOS 4,5 Multifunction MK68901 48 
, peripheral 


SO 5? mn Pm RT OR Fe 1c lS Rare ae 
High performance digital 
signal processor with 
TS68930* HMOS2 6.25 internal program ROM — 48 
160 us cycle time, 
2 x 128 x 16-bit internal RAM 


a ot | ROMLESS version of TS68930 : 
TS68931. HMOS2 6.25 64K addressing range _ 84 
MK68451-8 8 MC68451-8 
MK68451-10 NMOS 10 oo Ppanagement MC68451-10 64 
MK68451-12* 12.5 ung MC68451-12 

Local Area Network Controller for 
MK68590 NMOS 10 Ethernet (LANCE), cheapernet AM7990 48 DIP 
Serial Interface Adapter (SIA) with 
MK68591 Bip 10 10 Mb/s Manchester encoder/decoder — 24 DIP 
for Ethernet, cheapernet, etc. 600 MIL width 
Serial Interface Adapter (SIA) same as AM7992 24 DIP 


Available in plastic and ceramic DIL packages, plastic chip carrier packages. 


4-BIT MICROCOMPUTERS ET 9400 FAMILY 


‘PART NO. TECHNOLOGY ROM x 8 RAM x 4 INSTRUCTION SUPPLY ALT. SOURCE -PINS 
‘ CYCLE (us) “(V) 
ETL9410/11/13 NMOS Low Power 512 32 15-40 4.5-6.3 COP410L/11/13L 24/20 
ETC9410/11/13 CMOS .- 512 32 4-DC 2.4-5.5 COP410C/11C/13C.. 24/20 
ET9420/21/22 NMOS 1024 64 4-10 4.5-6.3 COP420/21/22 28/24/20 
ETL9420/21/22 NMOS Low Power 1024 64 . 15-40 4.5-6.3 COP420L/21L/22L 28/24/20 
ETC9420/21/22 . CMOS 1024 64 4-DC 2.4-5.5 COP424C/25C/26C 28/24/20 
ETL9444/45 NMOS Low Power 2048 128 15-40 4:5-6.3 COP444L/45L 28/24 
ETC9444/45 CMOS 2048 128 4-DC 2.4-5.5 COP444C/45C 28/24 
512 to 32 to 
TS941 10/20/44 NMOS 2048 128 4-15 4.5-5.5 — 24/28 


TS94004/104 NMOS ROMLESS 128 4-15 4.5-5.5 _— 64 


*To be introduced 
Common features: software compatible (same instruction set). Pin compatible. Three levels of stack. 8 bidirectional tristate 1/O. Serial I/O and internal counter, interrupt program- 
mable I/O. All devices are with plastic package (DIL) and also available with extended temperature range (—40°C to +85°C): ET93XX or ETC93XX. 
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MICROPROCESSORS/MICROCOMPUTERS| 


PART NO. 


EF6804P2 
EF6804J2 
EF68HC04J3* 
EF68HC04P3 


8-BIT MICROCOMPUTERS 


TECHNOLOGY 


HMOS 
HMOS 


HCMOS 
HCMOS 


“ROM x 8 


1024 
1024 
2048 
2048 


RAM x 8 /O 
32 20 

32 12 

124 A2 
124 20 


Available in plastic, ceramic, DIL packages or chip-carriers. All software compatible. Timer. 


PART NO. 
EF6805P2 


EF6805P4 
EF6805P6 
EF6805R2 
EF6805R3 


EF6805T2 
EF6805U2 
EF6805U3 
EF6805CT 
EF6805TV 
EF68HCO5E2* 
TS6805AL  ~ 


TECHNOLOGY 
HMOS 


HMOS 
HMOS 
HMOS 
HMOS 


HMOS 
HMOS 
HMOS 
HMOS 
HMOS 
HCMOS 
HMOS 


ROM x 8 
1100 


1100 
1796 
2048 
3776 


2508 
2048 
3776 
4096 
6144 

0 
1600 


RAM x 8 


/0 
20 


FEATURES 


Stand-by RAM 


A/D Converter 
A/D Converter 


On-chip PLL 


UACC, stand-by RAM 
Remote contl. interf. 


6 timers, A/D converter 


ALT. SOURCE 


MC6804P2 
MC6804J2 


MC68HC04P3 


EF6805 FAMILY 


‘PINS 
28 


ALT. SOURCE 


MC6805P2- 
HD6805S1 
MC6805P4 
MC6805P6 
MC6805R2 
MC6805R3- 
HD6805W0 
MC6805T2 
~MC6805U2 
MC6805U3 
MC6805CT 


MC146805E2 


Available in plastic, ceramic, DIL packages or chip-carrier. Ext. temp range (—40°C, +85°C). All software compatible. Interrupt capabilities. Timer. 


8-BIT MICROCOMPUTERS 


EF6804 FAMILY 


MK3870 FAMILY 


PART NO. 


MK2870/10 
MK3870/10 
MK3870/20 
MK3870/22 
MK3870/40 
MK3870/42 
MK3873/22 
MK3875/22 
MK3875/42 


__ TECHNOLOGY 


NMOS 
NMOS 
NMOS 
NMOS 
NMOS 
NMOS 
NMOS 


NMOS 
NMOS 


ROM x 8 


RAM x 8 


1/0 


FEATURES 


SI, SO, SLCK 
SI, SO, SLCK 
SI, SO, SLCK 


Common features: Software compatible (same instruction set), timer, interrupt capabilities, parallel 1/O (TTL compatible). 
All devices are with plastic or ceramic package (DIL), PLCC package to be introduced mid 1986. 


Also available with extended temperature range. 


PART NO. 
EF6801 


EF6801-U4 


EF68HC11A8* 


TS6301V* 


Common features: 8 x 8 multiply instruction. Timer. 64K b 


8-BIT MICROCOMPUTERS 


TECHNOLOGY 


HMOS 
HMOS 


HCMOS 


HCMOS 


chip carrier (PLCC)/—40°C to +85°C). 


*To be introduced 


ROM x 8 


2048 


4096 


4096 


4096 


RAM x 8 


128 


192 


256 


128 


/0 
31 SCI, Timer, stand-by RAM 


31 


29 


FEATURES 


Enhanced SCI and Timer 
Stand-by RAM 
SCI-SPI-EEPROM 
ADC-Enhanced Timer 
Real Time Inter. Watchdog 
SCI, timer 

Sleep and standby mode 
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ALT. SOURCE 


M2872 
M3872 
M3870.2 
M3872 
M3872 
M3872 
M38730,33 


M3875 
M3875 


MC6801 
HD6801-SO 
MC6801-U4 
HD6801-VO 
MC68HC11A8 


HD6301V1 


PINS 


EF6801 FAMILY 


ALT. SOURCE 


PINS 
40 


40 


48/52 


40 


yte addressing space. Serial communication interface. All devices available in DIL ceramic or plastic package and plastic 


MICROPROCESSORS/MICROCO 
STANDARD MICROCOMPUTER 


MPUTERS 


MK3870 (97xxx) FAMILY 


PART NO. TECHNOLOGY ADDRESSABLE ON CHIP vO FEATURES SUPPORT PINS 
ROM x 8 RAM x 8 
MK97400 NMOS 4096 128 32 TTL Ports 4K EPROM 40 (24/28) 
MK97403 NMOS 4096 128 32. ~=TTL Ports 4K EPROM 40 (24/28) 
MK97410 NMOS 4096 128 32. Open drain ports 4K EPROM 40 (24/28) 
MK97501 NMOS 65472 — 128 32 — TTL ports 8K EPROM 40 (28) 
MK97521 “NMOS 65472 128 32 Open drain and 8K EPROM 40 (28) — 
TTL ports 


yommon features: EPROM version of MK3870, piggyback ceramic package accepts 24 or 28 pins memories, pin to pin compatible with 3870. 


16-BIT MICROCOMPUTERS 


MK68200 FAMILY 


PART NO. TECHNOLOGY SPEED ROMx8 RAMx8 I/O FEATURES ALT. SOURCE PINS 
MHz 
MK68201/04-4 NMOS 4 0 256 68000 BUS — 48 
MK68201/04-6 6 ROMLESS 
MK68201/44-4 NMOS 4 4096 256 68000 BUS — 48 
MK68201/44-6 6 Masked Version 
MK68E201/04-4 NMOS 4 0 256 68000 BUS ROMLESS — 84 
MK68E201/04-6 6 and Private BUS 
MK68211/04-4 NMOS 4 0 256 General Purpose BUS ~ 48 
MK6821 1/04-6 6 ROMLESS 
MK6821 1/44-4 NMOS 4 4096 256 General Purpose BUS a 48 
MK6821 1/44-6 6 Masked Version Ape 
MK68E21 1/04-4 NMOS 4 0 256 General Purpose BUS a 84 
MK68E211/04-6 6 Romless and 
Private BUS ; 
MK68HC200* HCMOS 8. 4096 256 HCMOS version of — 48 
68200 Family 


Packaging: DIL 48 Plastic and Ceramic, PLCC 84, Ceramic LCC 84 


* To be Introduced 
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MEMORIES 


\ 


ZEROPOWER™ and TIMEKEEPER™ RAMs 


PART NO. DESCRIPTION ORGANIZATION ACCESS lec Isp TEMPERATURE PINS 
. TIME RANGE 
MK48T02(B)-12*. | TIMEKEEPER SRAM 2K x 8 120 ns 80 mA 3 mA C 24 
MK48T02(B)-15*  TIMEKEEPER SRAM 2K x 8 150 ns 80 mA 3 mA C 24 
MK48T02(B)-20* TIMEKEEPER SRAM 2K x 8 200 ns 80 mA 3 mA "ic 24 
MK48T02(B)-25* TIMEKEEPER SRAM 2K x 8 250 ns 80 mA 3 mA C 24 
MK48Z02(B)-15 ZEROPOWER SRAM ~ 2K x 8 150 ns 80 mA 1 mA C 24 
MK48Z02(B)-20 ZEROPOWER SRAM 2K x 8 200 ns 80 mA 1 mA C 24 
MK48Z02(B)-25 ZEROPOWER SRAM 2K x 8 250 ns 80 mA 1 mA C 24 


BATTERY BACK-UP RAMs 


PART NO. DESCRIPTION ORGANIZATION ACCESS loc IBAT TEMPERATURE _ PINS 
TIME RANGE 
MK48C02(N)-15 Bat. Back-up SRAM 2K x 8 150 ns 80 mA 50 vA C 28 
MK48C02(N)-20 Bat. Back-up SRAM 2K x 8 200 ns 80 mA 50 pA Cc 28. 
MK48C02(N)-25 Bat. Back-up SRAM 2K x 8 250 ns 80 mA 50 vA ie © 28 
MK48CO02L(N)-15 Bat. Back-up SRAM 2K x 8 150 ns 80 mA 1 pA C 28 
MK48CO02L(N)-20 Bat. Back-up SRAM 2K x 8 200 ns 80 mA 1 pA Cc 28 
MK48CO02L(N)-25 Bat. Back-up SRAM 2K x 8 250 ns 80 mA 1 pA Cc 28 


BiPORT™” DEVICES 


PART NO. DESCRIPTION ORGANIZATION ACCESS CYCLE loc TEMPERATURE PINS 
e TIME RANGE 
MK4501(N)-80 BiPORT FIFO 512 x 9 80 ns 100 ns 80 mA C 28 


MK4501(N)-10 BiPORT FIFO 512 x 9 100 ns 120 ns 80 mA Cc 28 
MK4501(N)-12 BiPORT FIFO 512 x 9 120 ns 140 ns 80 mA Cc. 28 
MK4501(N)-15 BiPORT FIFO 512 x 9 150 ns 175 ns 80 mA Cc 28 
MK4501 (N)-20 BiPORT FIFO 512 x9 200 ns 235 ns 80 mA Cc 28 
MK4501(E)-80 BiPORT FIFO 512 x 9 80 ns 100 ns 80 mA Cc 32 
MK4501(E)-10 BiPORT FIFO 512 x9 100 ns 120 ns 80 mA e; 32 
MK4501(E)-12 BiPORT FIFO 512 x 9 120 ns 140 ns 80 mA Cc 32 
MK4501(E)-15 BiPORT FIFO 512 x 9 150 ns 175 ns 80 mA Cc 32 
& MK4501(E)-20 BiPORT FIFO 512 x 9 200 ns 235 ns 80 mA Cc 32 
MK4501(K)-80* BiPORT FIFO 512 x 9 80 ns 100 ns 80 mA Cc 32 
MK4501(K)-10* BiPORT FIFO 512 x 9 100 ns 120 ns 80 mA C 32 
MK4501(Kk)-12* BiPORT FIFO 512 x 9 120 ns 140 ns 80 mA Cc 32 
MK4501(k)-15* BiPORT FIFO 512 x 9 150 ns 175 ns 80 mA Cc 32 
MK4501(K)-20* BiPORT FIFO 512 x 9 200 ns 235 ns 80 mA Cc 32 
MK4511(N)-12 BiPORT RAM 512 x 9 120 ns 150 ns 50 mA Cc 28 
MK4511(N)-15 BiPORT RAM 512 x 9 150 ns 190 ns 50 mA Cc 28 
MK4511(N)-20 BiPORT RAM 512 x 9 200 ns 250 ns 50 mA Cc 28 
MK451 1(K)-12* BiPORT RAM 512 x 9 120 ns 150 ns 50 mA C 32 
MK4511(K)-15* BiPORT RAM 512 x9 150 ns 190 ns 50 mA C 32 
MK451 1(K)-20* BiPORT RAM 512 x9 200 ns 250 ns 50 mA Cc 32 


* To be introduced 
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Temperature range C = 0°C to +70°C 
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MEMORIES 


PART NO. DESCRIPTION ORG. ACCESS lec Isp TEMP. PKG. PINS 
TIME RANGE 
MK4801 A(x)-55 Fast SRAM 1K x 8 55 ns 110 mA — Cc N, P, J 24 
MK4801A(x)-70 Fast SRAM 1K x 8 70 ns 110 mA -—- Cc N, P, J 24 
MK4801A(x)-90 Fast SRAM 1K x 8 90 ns 110 mA — Cc N, P, J 24 
MK4801 A(x)-1 Fast SRAM 1K x 8 120 ns 110 mA — Cc N, P, J 24 
MK4801A(x)-2 Fast SRAM 1K x 8 150 ns 110 mA — Cc N, P, J 24 
MK4801A(x)-3 Fast SRAM 1K x 8 200 ns 110 mA — Cc N, P, J 24 
MK4801A(x)-4 Fast SRAM 1K x 8 250 ns 110 mA — C N, P, J 24 
NOTE: (x) = Package Type P, J, or N 
On 
MK6116(N)-15 CMOS SRAM 2K x 8 150 ns 70 mA 2mA C N 24 
MK6116(N)-20 CMOS SRAM) _ 22K x 8 200 ns 70 mA 2mA Cc N 24 
MK6116(N)-25 CMOS SRAM 2K x 8 250 ns 70 mA 2mA Cc N 24 
MK6116L(N)-15 CMOS SRAM~ 2K x 8 150 ns 60 mA 100 pA Cc N 24 
MK6116L(N)-20 CMOS SRAM 2K x 8 200 ns 60 mA 100 pA C N 24 
MK6116L(N)-25 CMOS SRAM~ 2K x 8 250 ns 60 mA 100 vA C N 24 
ET2147HJ-3 Fast SRAM 4K x 1 55 ns 180 mA 30mA C,V,™M J 18 
ET2147HJ-2 Fast SRAM 4K x 1 45 ns 180 mA 30 mA C,V,M J 18 
ET2147HJ-1 Fast SRAM 4K x 1 35 ns 180 mA 30mA Cc oJ 18 
ETL2147HJ Fast SRAM 4K x 1 70 ns 140 mA 15mA Cc J 18 
ETL2147HJ-3. Fast SRAM 4K x 1 55 ns 140 mA 15 mA Cc J 18 
ETL2128N-4 NMOS SRAM _ 2K x 8 200 ns 70 mA 10 mA C,V,M N 24 
ETL2128N-3 NMOS SRAM~ 2K x 8 150 ns 70 mA 10 mA C,V,™M N 24 


VERY FAST STATIC RAMs 


PART NO. KEY FEATURES ORG. ACCESS Vec lec Isp TEMP. PKG. PINS 
TIME RANGE 
MK41H66(x)-xx* Fast CS Access 16K x 1 =. 20, 25, 35 ns 5.0V 110mA a C N, P,E 20 
MK41H67(x)-xx* CE Power-down 16K x 1 = 20, 25, 35 ns 5.0V 110 mA 50 yA Cc N,P,E 20 
MK41H68(x)-xx* CE Power-down 4K x 4 = 20, 25, 35 ns 5.0V 110mA 502A C N, P, E 20 
MK41H69(x)-xx* Fast CS Access 4K x 4 20, 25, 35 ns 5.0V. 110mA a Cc N, P, E 20 
MK41H78(x)-xx* CE/OE 4K x 4 20, 25, 35 ns 5.0V 110mA 50yA C N, P, E 22 
MK41L66(x)-xx* Fast CS Access 16K x 1 25, 35 ns 3.3V 55 mA — c N, P, E 20 
MK41L67(x)-xx* CE Power-down 16K x1 25, 35 ns 3.3V 55 mA 50 pA C N,P,E 20 
MK41L68(x)-xx * CE Power-down 4K x4 25, 35 ns 3.3V 55 mA 50 nA C N,P,E 20 
MK41L69(x)-xx* Fast CS Access 4K x 4 25, 35 ns 3.3V 55 mA _ Cc N,P,£ 20 
MK41L78(x)-xx* CE/OE 4K x 4 25, 35ns 3.3V 55mA 50 yA Cc N, P,E 22 


NOTE: (x) = Package Type N, P, or E 
-xx = -20, -25, -35 for 20 ns, 25 ns, 35 ns Access Times 


NMOS EPROMs 


* To be introduced 


PART NO. ORGANIZATION ACCESS TIME CONSUMPTION TEMPERATURE PINS 
RANGE 

ET2716Q 2K x 8 450 ns 525/132 mW C,V,M 24 

ET2716Q-1 2K x 8 350 ns 525/132 mW C,V 24 


"¢\ THOMSON COMPONENTS - MOSTEK CORPORATION 


17 


MEMORIES 


CMOS EPROMs 


PART NO. ORGANIZATION ACCESS TIME CONSUMPTION TEMPERATURE PINS 
RANGE 
ETC2716Q-5 2K x 8 550 ns 25/0.5 mW C,E,V,M 24 
ETC2716Q 2K x 8 450 ns 25/0.5 mW C/E, :V 24 
ETC2732Q-55 4K x 8 550 ns 25/0.5 mW C,V,M 24 
ETC2732Q-45 4K x 8 450 ns 25/0.5 mW C,E, V 24 
ETC2732Q-35 4K x 8 350 ns 25/0.5 mW C,E,V 24 
TS27C64-30Q 8K x 8 300 ns 50/2.5 mW C,V,M 28 
TS27C64-25Q 8K x 8 250 ns 50/2.5 mW C,V, M 28 
TS27C64-20Q | 8K x 8 200 ns 50/2:5 mW C,V 28 
TS27C64-15Q 8K x 8 150 ns 50/2.5 mW C,V 28 
TS27C256-30Q* 32K x 8 300 ns 100/2.5 mW C,V,M 28 
TS27C256-25Q* 32K x 8 250 ns 100/2.5 mW C,V,M 28 
TS27C256-20Q* 32K x 8 200 ns 100/2.5 mW C,V 28 
TS27C256-15Q* 32K x 8 150 ns 100/2.5 mW C,V 28 


ONE-TIME PROGRAMMABLE 


EPROMs 
PART NO. ORGANIZATION ACCESS TIME CONSUMPTION TEMPERATURE PINS 
RANGE 
TS27C64-25CP 8K x 8 250 ns 50/2.5 mW C 28 


TS27C256-25CP 32K x 8 250 ns 100/2.5 mW OO Bee a oe op 


Temperature range: C: 0° to +70°C 
E: -25°C to +70°C 
V: -40°C to +85°C 
M: —55°C to +125°C 


BIPOLAR PROMs 


PART NO. TECHNOLOGY ORGANIZATION OUTPUT ACCESS TIME SUPPLY PINS. 
(tacc max) 

TS71180A* H BIP Il 1K x 8 Op. Col 45 ns +5V 24 
TS71181A* H BIP Il 1K x 8 3-state 45 ns +5V 24 
TS71180B* H BIP Il 1K x 8 Op. Col. 35 ns +5V 24 
TS71181B* H BIP II 1K x 8 3-state 35 ns +5V 24 
TS71180C* H BIP Il 1K x 8 Op. Col. 25 ns +5V 24 
TS71181C* H BIP Il 1K x 8 3-state 25 ns +5V 24 
TS71280A* H BIP Il 1K x 8 Op. Col. 45 ns +5V 24 (Slim line) 
TS71281A* H BIP Il 1K x 8 3-state - 45 ns +5V 24 (Slim line) 
TS71280B* H BIP Il 1K x 8 Op. Col. 35 ns +5V 24 (Slim line) 
TS71281B* H BIP Il 1K x 8 3-state 35 ns +5V 24 (Slim line) 
TS71280C* H BIP II 1K x 8 Op. Col. 25 ns +5V 24 (Slim line) 
TS71281C* H BIP Il 1K x 8 3-state 25 ns +5V 24 (Slim line) 
TS71190A Advanced TTL 2K x 8 Op. Col. 60 ns +5V 24 
TS71191A Advanced TTL 2K x 8 3-state 60 ns +5V 24 
TS71190B Advanced TTL 2K x 8 Op. Col. 45 ns +5V 24 
TS71191B Advanced TTL 2K x 8 3-state 45 ns +5V 24 
TS71190C Advanced TTL 2K x 8 Op. Col. 35 ns +5V 24 
TS71191C Advanced TTL 2K x 8 3-state 35 ns +5V 24 
TS71191D Advanced TTL 2K x 8 3-state 25 ns +5V 24 
TS71290C H BIP Il 2K x 8 Op. Col. 35 ns +5V 24 (Slim line) 
TS71291C H BIP Il 2K x 8 3-state 35 ns +5V 24 (Slim line) 
TS71321B* H BIP Il 4K x 8 3-state 55 ns +5V 24 
TS71121C* H BIP Il 4K x 8 3-state 45 ns +5V 24 
TS71641* H BIP Il 8K x 8 3-state 55 ns +5V 24 


* To be Introduced 
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LINEAR 
AUTO-PROTECTED DRIVERS (LAMPS, RELAYS, 


CONTROLS TRIACS, MOTORS...) 
PART NO. FEATURES TEMPERATURE PACKAGES (1) 
RANGE (¢) 
TDE1607 Voc = S6V, Ioyzy = 0.3 A E CM, DP, FP 
TDE1647 Voc =-45V, Igy = 0.3 A E CM, DP 
TDE1737 Veco = 45V, lou = 0.3 A E CM, DP, FP 
TDE1747 Voc = 45V, lou = 0.3 A E CM, DP, FP 
TDE1767,A Veco = 45V, lou = 0-5 A E DP 
TDF1778 Voc = 32V, Ioyy = 2 A (Dual) F SP 
TDF1779,A Veco = 35V, Ioyp = 2A F SP 
TDE1787,A Voc = 50V, Ioyy = 0.3 A & DP 
TDE1798 Voc = 35V, Igy = 0.5A E DP 
TDE3207 Voc = S6V, Ioyy = 0.15 A E DP 
PART NO. FEATURES TEMPERATURE PACKAGES (1) 
RANGE (1) 
LM135 (235-335,A) Precision temp. sensors C,1,M Ps 
TDA0159A Proximity detector Ae FP, OF 
TDE0160 Proximity detector Ee FP|:DP 
_ TDA0161 Proximity detector Ae CM, DP, FP 
TDA0162 Proximity detector Ae a CM, DP, FP 
J-FET OP-AMPs — SINGLE 
PART NO. FEATURES TEMPERATURE i PACKAGES (1) 
RANGE (1) 
TLO61 Low power C,1,M DP, FP, DG, GC, H 
TLO71 Low. noise C,1,M DP, FP, DG, GC, H 
TLO81 Standard C,1,M DP, FP, DG, GC, H 
LF155,A(255,A-355,A) Low power C,1,M DP, DG, GC, H 
LF156,A(256,A-356,A) High speed -C,1,M DP, DG, GC, H 
_ LF157,A(257,A-357,A) Very high speed C,1,M DP, DG, GC, H 
PART NO. FEATURES TEMPERATURE PACKAGES (1) 
RANGE (1) 


{CAN eA ac a Sl PSN re 12S Sy ECE 


TLO62 Low power C,1,M DP, FP, DG, GC, H 
TLO72 Low noise C,1,M DP, FP, DG, GC, H 
TLO82 Standard C,1,M DP, FP, DG, GC, H 
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LINEAR _ 


| J-FET OP-AMPS QUAD 


PART NO. FEATURES TEMPERATURE PACKAGES (1) 
oe RANGE (1) 
TLO64 | Low power C,1,M DP, FP, DG, DC, GC 
TLO74 Low noise C,1,M DP, FP; DG, DC, :.GC 
TLO84 Standard C,1,M DP, FP, DG, DC, GC 
BIPOLAR OP-AMPs SINGLE 
PART NO. FEATURES TEMPERATURE PACKAGES (1) 
RANGE (1) 
LM11 Precision C,M DP, DG, GC, H 
LM101,A(201,A-301 ,A) Low offset C,1,M DP, FP, DG, GC, H 
LM108(208-308) Precision ' C, 1,.M DP; FP, DG;GC,H 
LM118(218-318) High speed C,1,M DP, FP, DG, GC, H 
UA709 Standard M H 
UA741 Standard C,1,M DP, FP, DG, GC, H 
UA748 Standard C,M DP, FP;'DG,'GC,'H 
TAA761(762,765) Open collector C,1,M DP, H 
UA776 Programmable C,M DP, FP, DG, GC, H 
TDB7910 Power op-amp. Be DP 


BIPOLAR OP-AMPS DUAL 


PART NO. FEATURES TEMPERATURE i PACKAGES(1) 
isp RANGE (1) 

LM158(258-358) Single power supply C,1,M DP,"FP, DG;-GC,’H 

LM1458(1558) Standard C,1,M DP, FP, DG;:GC,:H 

LM2904 Single power supply V #DP: FR 

MC4558 Single power supply, high speed C,M DP,: FP,’ DG;H 

TE.1033 For filter design B, Ce DP,.FP,.DG,.GC 


BIPOLAR OP-AMPS QUAD 

PART NO. FEATURES TEMPERATURE PACKAGES (1) 
; RANGE (1) 

LM124(224,324) Single power supply - ah, Mi DP, FP, DG, GC, DC 
LM146(246,346) Programmable C,1,M DP, FP, DG, GC 
LM148(248,348) Standard C,1,M DP, FP, DG, GC 
LM149(249,349) Standard C,1,M DP, DG 
LM2902 Single power supply V DP; "FP 
MC3303(3403,3503) Single power supply C,M DP, FP, DG, @C 
TE.4033 General purpose B, Ce DP, FP, DG, GC 


eee 


COMPARATORS SINGLE 


PART NO. FEATURES TEMPERATURE PACKAGES (1) 
RANGE (1) 


LM111(211,311) Standard C,1,M DP, FP, DG, GC, H 


LINEAR 


COMPARATORS DUAL 


PART NO. FEATURES TEMPERATURE PACKAGES (1) 
RANGE (1) 
LM119(219,319) Standard C,1,M DP, FP, DG, GC, H 
LM193(293,393) Single power supply C,1,M DP, Fr; GG; A 
LM2903 Single power supply V DP; FP 
COMPARATORS QUAD 
PART NO. FEATURES TEMPERATURE PACKAGES (1) 
RANGE (1) 
LM139,A(239,A-339,A) Standard C,1,M DP, FP, DG, GC, DC 
LM2901 Single power supply V DP, FP 
MC3302 Single power supply V DP 
VOLTAGE REGULATORS FIXED 


PART NO. OUTPUT OUTPUT TEMPERATURE PACKAGES (1) 
VOLTAGE CURRENT RANGE (1) 
LM109 (209,309) 5V 15Ao0r2.5A C,1,M H, K 
LM123 (223,323) 5V 3A C,1,M SP3, K 
TEA5110 5V (Dual) 0.1A Be DP 
UA7805,B 5V 154A C,1,M SP, SP3, K 
UA78S05,B 5V 2A Cc SP, SP3 
UA7806 6V 1.54 C,M SP, SP3, K 
UA7808 8V 15 A C, M SP, SP3, K 
UA78S09,B QV 2A e SP, SP3 
UA7812,B 12V 154A C,1,M SP, SP3, K 
UA78S12,B 12V 2A ct SP, SP3 
UA7815 15V 1.5 A C, 1, M SP, SP3, K: 
UA78S15,B 15V 2A C SP, SP3 
UA7818 18V 15A C,M SP, SP3, K 
UA7824 24V 15A C,M SP, SP3, K 
UA7905,B —5V 15A C,1,M SP, SP3, K 
UA7912,B =42y 15A C, 1, M SP, SP3, K 
UA7915,B —15V 1.5A C, 1, M SP, SP3, K 


ADJUSTABLE 


VOLTAGE REGULATORS 


PART NO. OUTPUT OUTPUT TEMPERATURE PACKAGES (1) 
VOLTAGE CURRENT RANGE (1) 
L200 2.85V/32V 2A M SP5 
LM105 (205, 305) 4.5V/40V (105, 205) <25 mA C,1,M | 
_ 4.5V/30V (305) | 
LM117 (217, 317)  1.2V/40V 1.5 A (K, SP, SP3) : i CM SP, SP3, H, K 
| 0.5 A.(H) 
LM137 (237, 337) ~1.2V/ —40 1.5 A (K, SP, SP3) C,1,M S, SP3, H, K 
0.5 A (H) 
LM138 (238, 338) 1.2V/35V 5A C,1,M K 
UA723, A 2V/37V 50 mA DP, FP, DG, H 
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LINEAR 
VOLTAGE REGULATORS LOW DROP OUT AUTOMOTIVE 


PART NO. OUTPUT OUTPUT TEMPERATURE PACKAGES (1) 


VOLTAGE CURRENT RANGE (1) 
TEA7034 . +5V =500 mA C, | SP5-2 


POWER CONTROLLER SWITCH MODE POWER SUPPLY 


PART NO. FUNCTION PACKAGE 


TEA2018A Power supply control circuit for fixed frequency fly-back power supplies up to 80W. DIL 8 
Direct drive of the switching transistor. Output current I, = Klo. 
Total protection from overload short-circuit and temperature. Low rest current. 


TEA2019 Power supply control circuit for fixed frequency fly-back power supplies up to 80W. DIL 14 
Direct drive of the switching transistor. Output current |, = Klc. 
Total protection from overload, short-circuit and temperature. 
— Low rest current. 
— Sync. capability with internal PLL. 


TEA2162 © Control IC for fixed frequency fly-back power supplies up to’ 200W. ani: Batwing 
In conjunction width TEA2029, this IC provides full secondary regulation for color TV applications © DIL16 
(Master/Slave). — 
Optimized power stage drive current. Over-voltage / current protections. Soft-start procedure. 


UAA4001 Control circuit for fixed frequency fly-back power supplies up to 200W. . DIL 16 
Direct drive of switching transistor with self-regulated base current. Reduced ‘storage time. SIL 15 
Total protection from overload, short-circuit and temperature. 

UAA4006A Control circuit for fixed frequency fly-back power supplies up to 200W. DIL 16 
Direct drive of switching transistor with self regulated base current. Reduced storage time. SIL 15 


Total protection from overload, short-circuit and temperature. Very low rest current. 


TIMERS & MISCELLANEOUS 


PART NO. FEATURES TEMPERATURE PACKAGES (1) 
RANGE (1) 
LM134 (234-334) Adj. current source C,1,M Z 
LM236,A (336,A) 2.5V voltage references C,1 rs 
NE/SE555 Timer C,1,M DP, FP, DG, H 
NE/SE556 Timer C,M DP, FP, DG 
ESM683 Analog gate B FP 
JUCA4532 ‘ Thermal printhead. driver ; Ae Chip 
TEC1OST 3%, Relay driver C CM 
TDA1041 DC motor: flexible speed regulator A DP 
TDA1154 DC motor: low cost speed regulator A DP 
UAA4002 Transistor driver A DP 
UAA4003 Motor regulator A DP 


STEPPER MOTOR CONTROLLERS 


MOTOR DRIVERS 


’ PART NO. TYPE MOTOR CURRENT TEMPERATURE PACKAGE 
TEA3717 Bipolar 1A Cc DP, SP 
TEA3718 Bipolar 15A Cc DP, SP 
L702 Unipolar 2.0A Cc DP, SP 
UCN4801 Unipolar 400 mA C DP 
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CONSUMER CIRCUITS 
TELEVISION | DEFLECTION 


PART NO. FUNCTION PACKAGE 
Complete horizontal and vertical deflection circuit for black and white TV sets. 
TEA2017 Direct drive of frame yoke (maximum output current: + 1.5 A), direct drive of SIL 15 
line darlington, muting output. 
TEA2026 TV scanning and power supply digital processor includes 50-60 Hz identification, DIL 28 
security and start-up systems. 
Horizontal 
and vertical TV scanning and power supply digital processor includes 50-60 Hz identification, 
TEA2029 security and start-up systems. In conjunction with TEA2162, it provides SMPS DIL28 
secondary regulation. 
Low cost horizontal and vertical deflection circuit for black and white Batwing 
TEA2037 TV sets and monochrome displays. Direct drive of frame yoke (maximum output DIL 16 
Current: + 1 A), direct drive of line darlington. 
TEA2116 Vertical power stage with fly-back generator for 110° screen . SIL 7 
Vertical ' 
TEA2134 Vertical power stage with fly-back generator for 90° screen mer 
TBA920,S Line Oscillator, syn, separator, phase comparator for monochrome TV sets. DIL 16 
Horizontal 
Line oscillator combination, burst, blanking and frame pulse separation 
TDA2593 for color TV sets. es 
Parabolic ; ; . 
TEA2031 recon Ensures the vertical rate, parabolic and keystone correction for 110° screens DIL 8 


VIDEO AND SOUND IF CIRCUITS 


PART NO. FUNCTION PACKAGE 
TDA2540 IF amplifier with demodulator and AFC (CCIR standard) for NPN tuner. DIL 16 
TDA2541 IF amplifier with demodulator and AFC (CCIR standard) for PNP tuner. DIL 16 
TDA2542 IF amplifier with demodulator and AFC (French standard). DIL 16 
TDA4426 Video IF Very stable IF amplifier with demodulator and AFC for PNP tuner. DIL 18 
TDA4427 Very stable IF amplifier with demodulator and AFC for PNP tuner DIL 18 
and inverted AFC. 
IF amplifier with demodulator for multistandard applications. 
A444 one i ste DIL 16 
Totes High input sensitivity. Large AGC capabilities. 
Quasi parallel sound processing with quadrature inter-carrier demodulator. 
ane Very high input sensitivity. Good AM suppression. ne 
Sound IF 
TDA4445B AM/FM sound demodulator. Low AM distortion. Very high input sensitivity. DIL 16 


No adjustment for the AM demodulator. 
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CONSUMER CIRCUITS 


PART NO. re FUNCTION PACKAGE 

TEA1014 Video and For monosound TV sets. Follows the SCART specifications n° 108. DIL 14 
AF switch 

TEA2014 sires Switched 2 Vpp video output. Not switched 75 Q, 1 Vpp video output. DIL 8 

TEA5114 3-channel high frequency switch (20 MHz), designed for R-G-B and video applt DIL 16 
R-G-B cations. Low output impedance (75 Q). 


switch 5-switch (R-G-B, Fast blanking, Sync.) video signal selector. 25 MHz bandwidth 


for R-G-B signals. DIL 18 


TEA5115 


REMOTE CONTROL - CHANNEL SELECTION 


PART NO. FUNCTION | PACKAGE 


UAA4000 Transmitter For ultra-sonic or infra-red transmission, 32 command capability. DIL 18 
Pulse position modulation provides excellent noise immunity. : 


Complete circuit for PPM demodulation. 12 channel tuning voltage switch 
UAA4009 Receiver (remote and keyboard), one DC voltage output for volume adjustment,. DIL 18 
standby information. 


| AUDIO AF AMPLIFIERS 


PART NO. APPLICATION MAX. VALUES NORMAL CONDITIONS NOTE PACKAGE 
Vecl(Y) IgA) Voc(V) R, (0) P.(W) 
TBA820 16 1.5 9 8 1.2 _ DIL 14 
7 Radio and portable 
TBA820M : : — 
820 aebiabis 16 15 i] | 8 1.2 DIL 8 
TCA830SM 20 2 9 4 2 —_ DIL 8 
Portable radio dual Full Batwin 
TEA2025 Hy 15 1.5 9 4 3° y g 
AF amplifier a protected DIL 16 
-_-————— ee i 
TDA2003 Car radio 18/40** 3.5 14.4 2 10 Fully SIL 5 
protected. 
eee 
TDA2006 30 3 24 4 12 me ’ SIL 5 
TV and record ope a Tce Se | ee ee 
players Fully 
TDA2030 36/42** 3.5 28 4 18 protected SIL 5 
Hi-Fi/Stereo 22 Full 
TDA2040 40 4 y 
TV receivers oe ‘ d=0.5% protected ae 


*Po(W) Output per channel except bridge applications (both amplifiers) 
**Peak voltage (50 ms) 
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CHAPTER 7 - DISCRETE DEVICES 
SHORT FORM 


contents 


Pages 
Cross reference 3 
Power transistors 16 
Small signal diodes 20 
Zener diodes 22 
Transient overvoltage protection devices 24 
Rectifier diodes 26 
Thyristors < 100 A | 28 
Triacs/Alternistors 30 
Surface mount devices 32 
Case outlines 37 
Packaging 43 


For: - high power module darlingtons 
- TO 220 transistors for TV applications 
- high power thyristors and triacs > 100 Amps 
- Chips and wafers 

Consult us. 
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INDUSTRY 
PART NO. 


1N 6263 
1N 6267,A 
1N 6268,A 
1N 6269,A 
1N 6270,A 
1N 6271,A 
1N 6272,A 
1N 6273,A 
1N 6274,A 
1N 6275,A 
1N 6276,A 
1N 6277,A 
1N 6278,A 
1N 6279,A 
1N 6280,A 
1N 6281,A 
1N 6282,A 
1N 6283,A 
1N 6284,A 
1N 6285,A 
1N 6286,A 
1N 6287,A 
1N 6288,A 
1N 6289,A 
1N 6290,A 
1N 6291,A 
1N 6292,A 
1N 6293,A 
1N 6294,A 
1N 6295,A 
1N 6296,A 
1N 6297,A 
1N 6298,A 
1N 6299,A 
1N 6300,A 
1N 6301,A 
1N 6302,A 
1N 6303,A 
18 1549 
18 2187 
18 2791 
1SS 16 
18S 43 
18S 79 


18S 99 
15 KE 6V8,A,CA,CP,P 


| 


1.5 KE 120,A,CA,CRP 
1.5 KE 130,A,CA,CPP 


1.5 KE 440,A,CA,CPP 
2N 5038 
2N 5039 
2N 5671 
2N 5672 
2N 6032 
2N 6033 
2N 6236 
2N 6237 
2N 6238 
2N 6239 
2N 6240 
' 2N 6241 
2N 6242 
2N 6243 
2N 6244 
2N 6245 
2N 6249 


THOMSON 
SEMICONDUCTORS 
PART NO. 


1N 6263 

1.5 KE 6V8,A 
1.5 KE 7V5,A 
1.5 KE 8V2,A 
1.5 KE 9V1,A 
1.5 KE 10,A 
1.5 KE 11,A 
1.5 KE 12,A 
15 KE 13,A 
1.5 KE 15,A 
1.5 KE 16,A 
1.5 KE 18,A 
1.5 KE 20,A 
1.5 KE 22,A 
1.5 KE 24,A 
1.5 KE 27,A 
1.5 KE 30,A 
1.5 KE 33,A 
1.5 KE 36,A 
1.5 KE 39,A 
1.5 KE 43,A 
1.5 KE 47,A 
1.5 KE 51,A 
1.5 KE 56,A 
1.5 KE 62,A 
1.5 KE 68,A 
1.5 KE 75,A 


1.5 KE 6V8,A,CA,CP,P 


| 


15 KE 120,A,CA,CPP 
1.5 KE 130,A,CA,CPP 


15 KE 440,A,CA,CPP 
BUV 39 
BUV 39 
BUW 39 
BUV 50 
BUV 19 
BUV 60 
TLS 106-05 
TLS 106-05 
TLS 106-1 
TLS 106-2 
TLS 106-4 
TLS 106-6 
BUX 48 
BUX 48 
BUX 48 
BUX 48 
BUV 52 
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DIRECT 
REPLACEMENT 
= X 
SIMILAR 
REPLACEMENT 
=O 
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cross reference 


INDUSTRY 


_ PART NO. 


2N 6250 
2N 6251 
2N 6274 
2N 6275 
2N 6277 
2N 6306 
2N 6338 
2N 6342 
2N 6342 A 
2N 6343 
2N 6343 A 
2N 6344 
2N 6344 A 
2N 6346 
2N 6346 A 
2N 6347 
2N 6347 A 
2N 6348 
2N 6348 A 
2N 6394 
2N 6395 
2N 6396 
2N 6397 
2N 6398 
2N 6400 
2N 6401 
2N 6402 
2N 6403 
2N 6404 
2N 6504 
2N 6505 
2N 6506 
2N 6507 
2N 6508 
2N 6544 
2N 6545 
2N 6546 
2N 6547 
2N 6549 
2N 6580 
2N 6581 
2N 6582 
2N 6583 
2N 6584 
2N 6653 
2N 6654 
2N 6655 
2N 6671 


| 


2N 6678 

2SC 2553 
2SC 2554 
2SC 2914 
11 DQ 03 
11 DQ 04 
40 LS 01 

40 LS 02 
40 LS 04 
40 LS 05 
40 LS 06 


' 5082-2800 


5082-2810 
5082-2811 
5082-2900 


THOMSON 
SEMICONDUCTORS 


PART NO. 


BUV 52 

BUX 48 

BUV 50 

BUV 50 

BUV 60 

BUV 42 

BUW 39 

BTB 08-200 B 
BTB 12-200 B 
BTB 08-400 B 
BTB 12-400 B 
BTB 08-600 B 
BTB 12-600 B 
BTB 08-200 B 
BTB 12-200 B 
BTB 08-400 B 
BTB 12-400 B 
BTB 08-600 B 
BTB 12-600 B 
TYN 0512 
TYN 112 

TYN 212 

TYN 412 

TYN 612 

TYN 0516 
TYN 116 

TYN 216 

TYN 416 

TYN 616 

TYN 682 
TYN 682 
TYN 685 


| TYN 688 


TYN 690 
BUX 47 
BUX 47 
BUX 48 
BUX 48 
2N 6671 
2N 6672 
2N 6673 
2N 6671 
2N 6672 
2N 6673 
BUX 48 
BUX 48 
BUX 48 
2N 6671 


| 


2N 6678 
BUV 56 
BUV 47 
BUX 48 
BYV 10-30 
BYV 10-40 
PFR 851 
PFR 852 
PFR 854 
PFR 850 
PFR 856 
BAR 28 
BAR 10 
BAR 11 
BAT 19 
BZW 50-8V2 
BZW 50-10 
BZW 50-12 
BZW 50-15 
BZW 50-18 
BZW 50-22 
BZW 50-27 
BZW 50-33 


DIRECT 
REPLACEMENT 
= X 


SIMILAR 
REPLACEMENT 
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INDUSTRY 


1N 746A 


| 


1N 759 A 
1N 821,A 
1N 823,A 
1N 825,A 
1N 827,A 
1N 829,A 
1N 914 

1N 935,A,B 


| 


1N 939,A,B 
1N 949 
1N 957 B 


| 


1N 992 B 
1N 2970 B (R) 


| 


1N 3015 B (R) 
1N 3154,A 


| 


1N 3157,A 
1N 3305 B (R) 


| 


1N 3500 

1N 3595 DHD 
1N 3595 E DHD 
1N 3889 (R) 


| 


1N 3893 (R) 
1N 3899 (R) 


| 


1N 3903 (R) 
1N 3909 (R) 


| 


1N 3913 (R) 
4N 4001 


| 


1N 4007 
1N 4099 
1N 4100 
1N 4101 
1N 4102 
1N 4103 
1N 4104 
1N 4148 


THOMSON 


SEMICONDUCTORS 


PART NO. 


1N 4187 B 
1N 4188 B 
1N 4189 B 
1N 4190 B 
1N 4191 B 
1N 4192 B 
1N 4193 B 
BAT 41 
BAT 41 
BAT 41 
BAT 41 
BAT 41 
BAT 41 
BAT 41 
BAT 47 

1N 6263 
1N 6263 
1N 746A 


| 


1N 759 A 
1N 821,A 
1N 823,A 
1N 825,A 
1N 827,A 
1N 829,A 
1N 4148 
1N 935,A,B 


| 


1N 939,A,B 
BAT 48 
1N 957 B 


| 


1N 992 B 
1N 2970 B (R) 


| 


1N 3015 B (R) 
1N 3154,A 


| 


1N 3157,A 
1N 3305 B (R) 


| 


1N 3500 
1N 3595 DHD 


1N 3595 E DHD 


1N 3889 (R) 


| 


1N 3893 (R) 
1N 3899 (R) 


| 


1N 3903 (R) 
1N 3909 (R) 


| 


1N 3913 (R) 
1N 4001 


| 


1N 4007 
T-LVA 468 A 
T-LVA 474 A 
T-LVA 483 A 
T-LVA 486 A 
T-LVA 492 A 
T-LVA 498 A 
T-LVA 4198 
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DIRECT 
REPLACEMENT 
=X 
SIMILAR 
REPLACEMENT 
=0 
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O0O0000 


cross reference 


INDUSTRY 
PART NO. 


1N 4187 B 


1N 4193 B 
1N 4370 A 
1N 4371 A 
1N 4372 A 
1N 4565,A 


| 


1N 4584,A 
1N 4614 
1N 4627 
1N 4728 A 


| 


1N 4764 A 
1N 4765,A 


1N 4774,A 
1N 4775,A 


1N 4784,A 
1N 4937 
1N 5186 
1N 5187 
1N 5188 
1N 5189 
1N 5190 
1N 5221 B 


1N 5281 B 
1N 5333 B 


| 


1N 5388 B 
1N 5390 
1N 5415 
1N 5416 
1N 5417 
1N 5418 
1N 5419 
1N 5420 
1N 5522 B 
1N 5523 B 
1N 5524 B 
1N 5525 B 
1N 5526 B 
1N 5527 B 
1N 5528 B 
1N 5529 B 
1N 5530 B 
1N 5711 
1N 5712 
1N 5713 
1N 5817 


THOMSON 


SEMICONDUCTORS 


PART NO. 


1N 4187 B 


1N 4193 B 
1N 4370 A 
1N 4371 A 
1N 4372 A 
1N 4565,A 


1N 4584,A 
1N 4614 
1N 4627 
1N 4728 A 


1N 4764 A 
1N 4765,A 


1N 4774,A 
1N 4775,A 


1N 4784,A 
BYT 11-600 
PFR 851 
PFR 852 
PFR 854 
PFR 856 
PFR 856 
1N 5221 B 


1N 5281 B 
1N 5333 B 


1N 5388 B 
BAT 29 
PFR 851 
PFR 851 
PFR 852 
PFR 854 
PFR 856 
PFR 856 
T-LVA 347 A 
T-LVA 351 A 
T-LVA 356 A 
T-LVA 362 A 
T-LVA 368 A 
T-LVA 375 A 
T-LVA 382 A 
T-LVA 391 A 
T-LVA 3100 A. 
1N 5711 

1N 5712 
BAR 11 
BYV 10-20 A 


BZW 50-120 
BAR 19 
BAL 99 
BAR 10 
BAR 11 
BAR 18 
BAR 19 
BAR 28 


DIRECT 


REPLACEMENT 


=X 
“SIMILAR 
REPLACEMENT 
=O 


-OOODD0N0O0O000000xX 


xO0O00000 OOO 


INDUSTRY 
PART NO. 


BAR 42 
BAR 43,A,C,S 
BAS 16 
BAS 19 
BAS 20 
BAS 21 
BAS 40-02 
BAS 40-03 
BAS 70-02 
BAS 70-03 
BAS 70-04 
BAS 70-05 
BAS 70-06 
BAT 14-016 
BAT 14-026 
BAT 14-036 
BAT 17,DS 
BAT 19 
BAT 29 
BAT 41 

BAT 42 
BAT 43 
BAT 45 
BAT 46 
BAT 47 
BAT 48 
BAT 49 
BAT 81 

BAT 82 
BAT 83 
BAT 85 
BAV 70 
BAV 74 
BAV 99 
BAW 56 
BCW 60 
BCW 61 
BCX 17 
BCX 19 
BCX 70 
BCX 71 
BFR 92 A (R) 
BFR 93 A (R) 
BFS 17 (Rs) 


| 


BFS 20 (R) 
BTA 04-200 A,DST 


| 


BTA 04-700 A,DST 
BTA 06-200 A 


| 


BTA 06-700 A 
BTA 06-200 B,C 


| 


BTA 06-700 B,C 
BTA 06-200 D,S,T 


| 


BTA 06-700 D,S,T 
BTA 08-200 A 


| 


BTA 08-700 A 
BTA 08-200 B,C 


| 


BTA 08-700 B,C 
BTA 08-200 S 


| 


SEMICONDUCTORS 


THOMSON COMPONENTS MOSTEK 


DIRECT 
REPLACEMENT 
=X 
SIMILAR 
REPLACEMENT 
=0 


THOMSON. 
PART NO. 


BAR 42 

BAR 43,A,.C,S 
BAS 16 

BAS 19 

BAS 20 

BAS 21 

BAR 28/BAT 42 
BAR 28/BAT 42 
BAR 28 

BAR 28 

BAS 70-04 
BAS 70-05 
BAS 70-06 
none 

none 

none 

BAT 17,DS 
BAT 19 

BAT 29 

BAT 41 

BAT 42 

BAT 43 

BAT 45 

BAT 46 

BAT 47 

BAT 48 

BAT 49 

1N 6263 

1N 6263 

1N 6263 

BAT 42 

BAV 70 

BAV 74 

BAV 99 

BAW 56 
BCW 60 
BCW 61 

BCX 17 

BCX 19 

BCX 70 

BCX 71 

BFR 92 A (R) 
BFR 93 A (R) 
BFS 17 (R) 


| 


BFS 20 (R) 
BTA 04-200,A,D,S.T 


| 


BTA 04-700 A,D.ST 
BTA 06-200 A 


| 


BTA 06-700 A 
BTA 06-200 B,C 


| 


BTA 06-700 B,C 
BTA 06-200 D,S.T 


| 


BTA 06-700 D,S,T 
BTA 08-200 A © 


| 


BTA 08-700 A 
BTA 08-200 B,C 


| 


BTA 08-700 B,C 
BTA 08-200 S 


| 


cross reference 


INDUSTRY 
‘PART NO. 


BTA 08-700 S 
BTA 10-200 B,C 


| 


BTA 10-700 B,C 
BTA 12-200 B,C 


| 


BTA 12-700 B,C 
BTA 16-200 B 


| 


BTA 16-700 B 
BTA 21 C 
BTA 21 D 
BTA 21E 
BTA 22 B 
BTA 22 C 
BTA 22 D 
BTA 22 E 
BTA 22 M 
BTA 23 B 
BTA 23 C 
BTA 23 D 
BTA 23 E 
BTA 23 M 
BTA 26-200 A,B 


| 


BTA 26-700 A,B 
BTA 41-200 A,B 


| 


BTA 41-700 A,B 
BTB 04-200 A,D,S.T 


| 


BTB 04-700 A,D,ST 
BTB 06-200 A 


| 


BTB 06-700 A 
BTB 06-200 B,C 


| 


BTB 06-700 B,C 
BTB 06-200 DST 


| 


BTB 06-700 DST 
BTB 08-200 A 


| 


BTB 08-700 A 
BTB 08-200 B,C 


| 


BTB 08-700 B,C 
BTB 08-200 S 


| 


BTB 08-700 S 
BTB 10-200 B,C 


| 


BTB 10-700 B,C 
BTB 12-200 B,C 


| 


BTB 12-700 B,C 
BTB 16-200 B 


| 


BTB 16-700 B 


THOMSON 
SEMICONDUCTORS 
PART NO. 


BTA 08-700 S 
BTA 10-200 B,C 


| 


BTA 10-700 B,C 
BTA 12-200 B,C 


| 


BTA 12-700 B,C 
BTA 16-200 B 


| 


BTA 16-700 B 
BTB 08-400 C 
BTB 08-400 C 
BTB 08-600 C 
BTB 10-200 C 
BTB 10-400 C 
BTB 10-400 C 
BTB 10-600 C 
BTB 10-700 C 
BTB 12-200 C 
BTB 12-400 C 
BTB 12-400 C 
BTB 12-600 C 
BTB 12-600 C 
BTA 26-200 A,B 


| 


BTA 26-700 A,B 
BTA 41-200 A,B 


| 


BTA 41-700 A,B 
BTB 04-200 A,D,S.T 


| 


BTB 04-700 A,D,ST 
BTB 06-200 A 


| 


BTB 06-700 A 
BTB 06-200 B,C 


| 


BTB 06-700 B,C 
BTB 06-200 D,S.T 


| 


BTB 06-700 D,S.T 
BTB 08-200 A 


| 


BTB 08-700 A 
BTB 08-200 B,C 


| 


BTB 08-700 B,C 
BTB 08-200 S 


| 


BTB 08-700 S 
BTB 10-200 B,C 


| 


BTB 10-700 B,C 
BTB 12-200 B,C 


| 


BTB 12-700 B,C 
BTB 16-200 B 


| 


BTB 16-700 B 


DIRECT 
REPLACEMENT 
=X 
SIMILAR 
REPLACEMENT 


OK &K KK KO KK KOK OK OK 


INDUSTRY 
PART NO. 


BTB 26-200,A,B 


| 


BTB 26-700 A,B 
BTW 39-50 


| 


BTW 39-1200 
BTW 48-200 


| 


BTW 48-1200 
BTW 49-50 


| 


BTW 49-800 
BTW 50-100 


| 


BTW 50-1200 
BTW 68-200,N 


| 


BTW 68-1200,N 
BTW 69-200,N 


BTW 69-1200,N 
BU 184 
BU 189 
BU 406,D 
BU 407,D 
BU 806 
BU 807 
BUR 20 
BUR 21 
BUR 22 
BUS 12,A 
BUS 13,A 
BUS 14,A 
BUS 45 P 
BUS 46 P 
BUS 47,A 
BUS 47 AP 
BUS 47 P 
BUS 48,A 
BUS 48 AP 
BUS 48 P 
BUS 98,A 
BUT 11,A 
BUT 30 
BUT 32 
BUT 57 
BUT 60 
BUT 62 
BUT 70,I 
BUT 72,1 
BUT 90 
BUT 91 
BUT 92 
BUT 92 A 
BUT 100 
BUT 102 
BUV 10 
BUV 11 
BUV 12 
BUV 18 
BUV 19 
BUV 26 
BUV 27 
BUV 28 
BUV 39 


THOMSON 
SEMICONDUCTORS 
PART NO. 


BTB 26-200 A,B 


| 


BTB 26-700 A,B 
BTW 39-50 


| 


BTW 39-1200 
BTW 48-200 


| 


BTW 48-1200 
BTW 49-50 


| 


BTW 49-800 
BTW 50-100 


| 


BTW 50-1200 
BTW 68-200,N 


| 


BTW 68-1200,N 
BTW 69-200 N 


BTW 69-1200,N 
BU 184 
BU 189 
BU 406,D 
BU 407,D 
BU 184 
BU 189 
BUV 60 
BUV 61 
BUV 62 
BUX 47,A 
BUX 48,A 
BUX 98,A 
BUV 46 
BUV 46 
BUX 47,A 
BUV 47A 
BUV 47 
BUX 48,A 
BUX 98 
BUV 48 
BUX 98,A 
BUV 46,A 
BUT 30 
BUT 32 
BUT 57 
BUT 60 
BUT 62 
BUT 70,| 
BUT 72,1 
BUT 90 
BUT 91 
BUT 92 
BUT 92 A 
BUT 100 
BUT 102 
BUV 50 
BUV 51 
BUV 52 
BUV 18 
BUV 19 
BUV 26 
BUV 27 
BUV 28 
BUV 39 


THOMSON COMPONENTS MOSTEK 


DIRECT 
REPLACEMENT 
= X 
SIMILAR 
REPLACEMENT 
=0 


lokoyelolelololyelolololelololeler. = 


cross reference 


BUV 42 
BUV 42 A 
BUV 46,A 
BUV 47,A 
BUV 47,Al 
BUV 47 B 
BUV 47 | 
BUV 48,A 
BUV 48 Al 
BUV 38 | 
BUV 50 
BUV 51 
BUV 52 
BUV 52 A 
BUV 56,A 
BUV 60 
BUV 61 
BUV 62 
BUV 62 A 
BUV 98, (V) 
BUV 98 A, (V) 
BUV 298,A 
BUW 12,A 
BUW 13,A 
BUW 34 
BUW 35 
BUW 36 
BUW 38 
BUW 39 
BUW 40,A,B 
BUW 41,A,B 
BUW 44 
BUW 45 
BUW 46 
BUW 48 


| 


BUW 52 
BUW 52 | 
BUW 89 


| 


BUW 92 
BUW 92 | 
BUX 31,A,B 
BUX 32,A,B 
BUX 37 

BUX 47,A 
BUX 48,A 
BUX 80 

BUX 81 

BUX 98 AP 
BUX 98 API 
BUX 98 P 
BUX 98 PI 
BUX 348,A 
BYS 21 

BYT 01-200 
BYT 01-300 
BYT 01-400 
BYT 03-200 
BYT 03-300 
BYT 03-400 
BYT 08P-200 
BYT 08P-300 
BYT 08P-400 
BYT O8PI-200 
BYT O8PI-300 
BYT O8PI-400 
BYT 11-600 
BYT 11-800 
BYT 11-1000 
BYT 12-200 (R) 


THOMSON 
SEMICONDUCTORS 
PART NO. 


BUV 42 
BUV 42 A 
BUV 46,A 
BUV 47,A 
BUV 47,Al 
BUV 47 
BUV 47 | 
BUV 48,4 
BUV 48 Al 
BUV 48 | 
BUV 50 
BUV 51 
BUV 52 
BUV 52 A 
BUV 56,A 
BUV 60 
BUV 61 
BUV 62 
BUV 62 A 
BUV 98, (V) 
BUV 98 A, (V) 
BUV 298,A 
BUV 47,A 
BUV 48,A 
BUX 47 
BUX 47 
BUX 47 
BUW 38 
BUW 39 
BUV 46 
BUV 56 
BUX 48 
BUX 48 
BUX 48 A 
BUW 48 


| 


BUW 52 
~BUW 52 | 
BUW 89 


| 


BUW 92 
BUW 92 | 
BUX 47,A 
BUX 47,A 
BUX 37 

BUX 47,A 
BUX 48,A 
BUX 47 

BUX 47 A 
BUX 98 AP 
BUX 98 API 
BUX 98 P 
BUX 98 PI 
BUX 348,A 
BYV 10-40 
BYT 01-200 
BYT 01-300 
BYT 01-400 
BYT 03-200 
BYT 03-300 
BYT 03-400 
BYT 08P-200 
BYT 08P-300 
BYT 08P-400 
BYT O8P1-200 
BYT O8P1-300 
BYT O8PI-400 
BYT 11-600 
BYT 11-800 
BYT 11-1000 
BYT 12-200 (R) 


DIRECT 
REPLACEMENT 
. =X 
SIMILAR 
REPLACEMENT 
=O 


O0000 


O0000 


INDUSTRY 
PART NO. 


BYT 12-300 (R) 
BYT 12-400 (R) 
BYT 12-600 
BYT 12-800 
BYT 12-1000 
BYT 12P-600 
BYT 12P-800 
BYT 12P-1000 
BYT 12PI-600 
BYT 12P1-800 
BYT 12PI-1000 
BYT 13-600 
BYT 13-800 
BYT 13-1000 
BYT 16P-200 
BYT 16P-300 
BYT 16P-400 
BYT 30-200 (R) 
BYT 30-300 (R) 
BYT 30-400 (R) 
BYT 30-600 
BYT 30-800 
BYT 30-1000 
BYT 30P-200 


| 


BYT 30P-800 

BYT 30P-1000 
BYT 30PI-200 
BYT 30PI-300 
BYT 30PI-400 
BYT 30PI-600 
BYT 30PI-800 
BYT 30PI-1000 
BYT 60-200 

BYT 60-300 

BYT 60-400 

BYT 60P-200 (R) 
BYT 60P-300 (R) 
BYT 60P-400 (R) 
BYT 230PI-200,(V) 
BYT 230PI-300,(V) 
BYT 230PI-400,(V) 
BYT 230PI-600,(V) 
BYT 230PI-800,(V) 
BYT 230PI-1000,(V) 
BYV 10-20,A 

BYV 10-30 

BYV 10-40 

BYV 10-60 

BYV 52-50 


| 


BYV 52-200 
BYV 54-50,(V) 


| 


BYV 54-200,(V) 
BYW 07-50 


| 


BYW 07-200 
BYW 08-50 


| 


BYW 08-200 
BYW 51-50 


| 


BYW 51-200 
BYW 77-50 (R) 


| 


THOMSON COMPONENTS MOSTEK 


DIRECT 
REPLACEMENT 
=X 


SIMILAR 
REPLACEMENT 
=0 


THOMSON 
SEMICONDUCTORS 
PART NO. 


BYT 12-300 (R) 
BYT 12-400 (R) 
BYT 12-600 
BYT 12-800 
BYT 12-1000 
BYT 12P-600 
BYT 12P-800 
BYT 12P-1000 . 
BYT 12P1-600 
BYT 12P1-800 
BYT 12P1-1000 
BYT 13-600 
BYT 13-800 
BYT 13-1000 
BYT 16P-200 
BYT 16P-300 
BYT 16P-400 
BYT 30-200 (R) 
BYT 30-300 (R) 
BYT 30-400 (R) 
BYT 30-600 
BYT 30-800 
BYT 30-1000 
BYT 30P-200 


| 


BYT 30P-800 
BYT 30P-1000 
BYT 30PI-200 
BYT 30PI-300 
BYT 30PI-400 
BYT 30PI-600 
BYT 30PI-800 
BYT 30PI-1000 
BYT 60-200 

BYT 60-300 

BYT 60-400 

BYT 60P-200 (R) 
BYT 60P-300 (R) 
BYT 60P-400 (R) 
BYT 230P1-200,(V) 
BYT 230PI-300,(V) 
BYT 230PI-400,(V) 
BYT 230PI-600,(V) 
BYT 230P1-800,(V) 
BYT 230PI-1000,(V) 
BYV 10-20,A 

BYV 10-30 

BYV 10-40 

BYV 10-60 

BYV 52-50 


| 


BYV 52-200 
BYV 54-50,(V) 


| 


BYV 54-200,(V) 
BYW 07-50 


| 


BYW 07-200 
BYW 08-50 


| 


BYW 08-200 
BYW 51-50 


| 


BYW 51-200 
BYW 77-50 (R) 


| 


cross reference 


INDUSTRY 
PART NO. 


BYW 77-200 (R) 
BYW 77P-50 


| 


BYW 77P-200 
BYW 77PI-50 


| 


BYW 77P-200 
BYW 78-50 (R) 


| 


BYW 78-200 (R) 
BYW 80-50 


| 


BYW 80-200 
BYW 81-50 (R) 


| 


BYW 81-200 (R) 
BYW 81P-50 


| 


BYW 81P-200 
BYW 81PI-50 


| 


BYW 81PI-200 
BYW 92-50 (R) 


| 


BYW 92-200 (R) 
BYW 98-50 


| 


BYW 98-200 
BYW 99P-50 


| 


BYW 99P-200 
BYW 100-50 


| 


BYW 100-200 
BZV 53 A 
BYZ 53 B 
BZV 54 

BZV 54 
BZW 0 


A 
B 
4-5 
BZW 04-94,B 

BZW 04-102,B 


V8,B 


04P 102,B 


| 


BZW 04P 376,B 
BZW 50-8V2 
BZW 50-10 
BZW 50-12,B 


| 


BZW 50-180,B 


THOMSON 
SEMICONDUCTORS 
PART NO. 


BYW 77-200 (R) 
BYW 77P-50 


| 


BYW 77P-200 
BYW 77PI-50 


| 


BYW 77PI-200 
BYW 78-50 (R) 


| 


BYW 78-200 (R) 
BYW 80-50 


| 


BYW 80-200 
BYW 81-50 (R) 


| 


BYW 81-200 (R) 
BYW 81P-50 


| 


BYW 81P-200 
BYW 81PI-50 


| 


BYW 81PI-200 
BYW 92-50 (R) 


| 


BYW 92-200 (R) 
BYW 98-50 


| 


BYW 98-200 
BYW 99P-50 


| 


BYW 99P-200 
BYW 100-50 


| 


BYW 100-200 
BZV 53 A 
BZV 53 B 
BZV 54A 
BZV 54B 
BZW 04-5V8,B 


| 


BZW 04-94,B 
BZW 04-102,B 


BZW 50-180,B 


DIRECT 
REPLACEMENT 
=X 


SIMILAR 
REPLACEMENT 
=0O 


THOMSON COMPONENTS MOSTEK 


cross reference 


DIRECT | | DIRECT 
REPLACEMENT 
INDUSTRY THOMSON. | faa ago INDUSTRY THOMSON =X 
SEMICONDUCTORS ; . SEMICONDUCTORS Se 
PART NO. SIMILAR PART NO. dani | 
| PART NO. REPLACEMENT REPLACEMENT 
=O =O 


BZX 84C 2V7 D44 TD3 BUV 46 
D44 TD4 BUV 46 

| D44 TDS BUV 46 
BZX 84C 75 D64 VE3 2N 6671 
TLS 106-1 D64 VE4 2N 6671 
TLS 106-2 D64 VES 2N 6671 
TLS 106-4 D64 VP3 2N 6674 
TLS 106-4 D64 VP4 2N 6674 
TLS 106-6 D64 VP5 2N 6674 
TLS 106-05 DB 3 
TLS 106-6 DB 4 
TLS 106-05 BYW 100-50 
TLS 107-1 BYW 100-100 
TLS 107-2 BYW 100-150 
TLS 107-4 BYW 100-200 
TLS 107-4 BYW 98-50 
TLS 107-6 BYW 98-100 
TLS 107-05 BYW 98-150 
TLS 107-6 BYW 98-200 
TLS 107-05 ESM 243-50, (R) ESM 243-50, (R) 
TYN 108 | | 


TYN 208 
ESM 243-400, (R) | ESM 243-400, (R) 


TYN 408 
TYN 508 ESM 244-50, (R) ESM 244-50, (R) 


TYN 608 
TYN 058 
TYN 608 ESM 244-600, (R) ESM 244-600, (R) 
TXN 108 ESM 2012 D ESM 2012 D. 
TXN 208 ESM 6045 A,D ESM 6045 A,D 
TXN 408 FE 8A BYW 80-50 
TXN 408 FE 8B BYW 80-100 
TXN 608 FE8C BYW 80-150 
TXN 058 FE 8D BYW 80-200 
TXN 608 FE 13005 MJE 13005 
TYN 112 FE 13007 MJE 13007 
TYN 212 FE 13009 MJE 13009 
TYN 412 FM 1100 BAT 29 
TYN 412 FM 1200 none 
TYN 612 GI 810 PLR 810 
TYN 0512 Gl 811 PLR 811 
TYN 612 Gl 812 PLR 812 
TYN 116 GI 814 PLR 814 
Gl 816 PLR 816 
GI 817 PLR 817 


TYN 216 
TYN 416 
TYN 416 Gl 818 PLR 818 
TYN 616 Gl 850 PFR 850 
TYN 0516 Gl 851 PFR 851 
BTW 50-100 Gl 852 PFR 852 
BTW 50-200 Gl 854 PFR 854 
BTW 50-400 Gl 856 PFR 856 
BTW 50-400 HSCH 1000 1N 6263 
BTW 50-600 ITS 5817 BYV 10-20 A 
BTW 50-100 ITS 5818 BYV 10-30 
BTW 50-600 ITS 5819 BYV 10-40 
BTW 50-800 L2004 BTB 04-200 T 
BTW 50-1000 L2004 F71 BTB 04-200 S 
BTW 50-1200 L2004 F91 BTB 06-200 C 
BTW 50-1200 L2004 L5 BTA 04-200 T 
BTW 50-800 L2004 L7 BTA 04-200 S 
BTW 50-1000 L2004 L9 BTA 06-200 C 
TGF 148-600 Z 12006 L6 BTA 04-200 T 
TGF 148-600 B L2006 L7 BTA 04-200 S 
TGF 148-800 Z L2006 L9 BTA 06-200 C 
TGF 148-800 B L2008 L6 BTA 08-200 T 
TGF 148-1000 Z L2008 L7 BTA 08-200 S 
TGF 148-1000 B L2008 L9 BTA 08-200 C 
TGF 148-1100 Z L4001 F51 TLC 223 D 
TGF 148-1100 B L4001 F71 TLC 223 A 
TGF 148-1200 Z L4001 L5 TLC 223 D 
48 PB40 TGF 148-1200 B L4001 L7 TLC 223 A 
L4001 L9 TLC 223 B 
L4004 F651 BTB 04-400 T 


TGF 148-700 Z 
L4004 F71 BTB 04-400 S 


& 
ORz 
RRR 


Q 

is, 

Ls) 
O00000000 


OONO00000 


06 
06 
06 
06 
06 
06 
06 
07 
07 
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TGF 148-700 B 
TGF 148-900 Z 


B 
Cc 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
{C1 
Ct 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
Ca 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
Ci 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C1 
C.1 
C1 
C1 
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THOMSON COMPONENTS MOSTEK 


cross reference 


DIRECT ! | DIRECT 

? REPLACEMENT REPLACEMENT 
INDUSTRY Pr epee =X INDUSTRY | THOMSON =X - 
PART NO. |SEMICONDUCTORS| —_—siMILAR PART NO. |SEMICONDUCTORS| —imiLAR 


PART NO. REPLACEMENT PART NO. REPLACEMENT 


=O . =O 


L4004 F91 
L4004 L5 
L4004 L7 
L4004 L9 
L4006 L6 


BTB 06-400 C 
BTA 04-400 T 
BTA 04-400 S 
BTA 06-400 C 
BTA 08-400 T 


MAC 228 A5 
MAC 228 A6 
MAC 228 A7 
MAC 228 A8 
MAC 228 AQ 


BTB 08-400 S 
BTB 08-400 S 
BTB 08-700 S 
BTB 08-700 S 
BTB 08-700 S 


L4006 L7 BTA 08-400 S 
L4006 L9 BTA 08-400 C 
L4008 L6 BTA 08-400 T 
L4008 L7 BTA 08-400 S 


MBD 101 BAT 29/BAR 19 
MBD 102 BAT 29/BAR 19 
MBD 201 1N 6263/BAT 42 
MBD 301 1N 6263/BAT 42 


L4008 L9 
LVA 47 A 


| 


LVA 498 A 
MA4E-2800 
MA4E-2810 
MA4E-2811 
MA4E-2812 
MAC 15-4 
MAC 15 A4 
MAC 15-5 
MAC 15 A5 
MAC 15-6 
MAC 15 A6 
MAC 15-7 
MAC 15 A7 
MAC 15-8 
MAC 15 A8 
MAC 15-9 
MAC 15 AQ 
MAC 220-C 
MAC 220-5 
MAC 220-7 
MAC 220-9 
MAC 221-3 
MAC 221-5 
MAC 221-7 
MAC 221-9 
MAC 222-1 
MAC 222 Ai 
MAC 222-2 
MAC 222 A2 
MAC 222-3 
MAC 222 A3 
MAC 222-4 
MAC 222 A4 
MAC 222-5 
MAC 222 A5 
MAC 222-6 
MAC 222 A6 
MAC 222-7 
MAC 222 A7 
MAC 222-8 
MAC 222 A8 
MAC 222-9 
MAC 222 AQ 
MAC 223-3 
MAC 223 A3 
MAC 223-4 
MAC 223 A4 
MAC 223-5 
MAC 223 A5 
MAC 223-6 
MAC 223 A6 
MAC 223-7 
MAC 223 A7 
MAC 223-8 
MAC 223 A8 
MAC 223-9 
MAC 223 A9 
MAC 228 A2 
MAC 228 A3 
MAC 228 A4 


BTA 08-400 C 
T-LVA 47 A 


| 


T-LVA 498 A 
BAR 28 

BAR 10 

BAR 11 

BAR 10 

BTB 16-200 B 
BTB 16-200 B 
BTB 16-400 B 
BTB 16-400 B 
BTB 16-400 B 
BTB 16-400 B 
BTB 16-600 B 
BTB 16-600 B 
BTB 16-700 B 
BTB 16-700 B 
BTB 16-700 B 
BTB 16-700 B 
BTB 08-200 B 


BTB 08-400 B . 


BTB 08-600 B 
BTB 08-700 B 
BTB 08-200 B 
BTB 08-400 B 
BTB 08-600 B 
BTB 08-700 B 
BTB 08-200 B 
BTB 08-200 C 
BTB 08-200 B 
BTB 08-200 C 
BTB 08-200 B 
BTB 08-200 C 
BTB 08-200 B 
BTB 08-200 C 
BTB 08-400 B 
BTB 08-400 C 
BTB 08-400 B 
BTB 08-400 C 
BTB 08-600 B 
BTB 08-600 C 
BTB 08-600 B 
BTB 08-600 C 
BTB 08-700 B 
BTB 08-700 C 
BTB 24-200 B 
BTB 24-200 B 
BTB 24-200 B 
BTB 24-200 B 
BTB 24-400 B 
BTB 24-400 B 
BTB 24-400 B 
BTB 24-400 B 
BTB 24-600 B 
BTB 24-600 B 
BTB 24-600 B 
BTB 24-600 B 
BTB 24-700 B 
BTB 24-700 B 
BTB 08-200 S 
BTB 08-200 S 
BTB 08-200 S 


xXxOO0D0000000 
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MBD 501 
MBD 502 
MBD 701 
MBD 702 
MBR 020 
MBR 120 P 
MBR 130 P 
MBR 140 P 
MCR 64-1 
MCR 64-2 
MCR 64-3 
MCR 64-4 
MCR 64-5 
MCR 64-6 
MCR 64-7 
MCR 64-8 
MCR 64-9 
MCR 64-10 
MCR 68-1 
MCR 68-2 
MCR 68-3 
MCR 106-1 
MCR 106-2 
MCR 106-3 
MCR 106-4 
MCR 106-5 
MCR 106-6 
MCR 106-7 
MCR 106-8 
MCR 220-5 
MCR 220-7 
MCR 221-5 
MCR 221-7 
MJ 13014 
MJ 13015 
MJ 13060 
MJ 13080 
MJ 13090 
MJ 13330 
MJ 13331 
MJ 13332 
MJ 13333 
MJ 13334 
MJ 13335 
MJ 16004 
MJE 13004 


| 


MJE 13007 
MJE 13007 A 
MJE 13008 
MJE 13009,A 
MR 810 


| 


MR 818 
MR 850 


| 


MR 856 
MR 860 
MR 861 
MR 862 
MR 864 


1N 6263 

1N 6263 
BAR 28 
BAR 28 
BYV 10-20 
BYV 10-20 
BYV 10-30 
BYR 10-40 
BTW 48-200 
BTW 48-200 
BTW 48-200 
BTW 48-200 
BTW 48-400 
BTW 48-400 
BTW 48-600 
BTW 48-600 
BTW 48-800 
BTW 48-800 
TYP 212 
TYP S12 
TYP 1012 
TLS 106-05 
TLS 106-05 
TLS 106-1 
TLS 106-2 
TLS 106-4 
TLS 106-4 
TLS 106-6 
TLS 106-6 
TYN 412 
TYN 612 
TYN 416 
TYN 616 
BUX 47 
BUX 47 
BUV 46 

2N 6671 

2N 6674 
BUV 51 
BUV 52 
BUX 48 
BUX 48 
BUX 48 
BUX 48 

2N 6672 
MJE 13004 


| 


MJE 13007 
MJE 13007 A 
MJE 13008 
MJE 13009,A 
PLR 810 


| 


PLR 818 
PFR 850 


PFR 856 
ESM 244-50 
ESM 244-100 
ESM 244-200 
ESM 244-400 
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OO000x 
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INDUSTRY 
PART NO. 


MR 866 

MR 870 

MR 871 

MR 872 

MR 874 

MR 876 

MUR 805 © 
MUR 810 
MUR 815 
MUR 820 
MUR 1605 CT 
MUR 1610 CT 
MUR 1615 CT 
MUR 1620 CT 
MUR 2505 
MUR 2510 
MUR 2515 
MUR 2520 
MUR 5005 
MUR 5010 
MUR 5015 
MUR 5020 
ND 4972-7 E 
ND 4973-7 E 
ND 4974-7 E 
P6KE 6V8,A,CA,CP,P 


| 


P6KE 150,A,CA,CPP 
P6KE 160,A,CA,CPP 


| 


P6KE 440,A,CA,CR,P 
PLR 810 


| 


PLR 818 
Q2004 L3 
Q2004 L4 
Q2006 L4 
Q2006 L5 
Q2008 L4 
Q2008 L4 A 
Q2008 L5 
Q2010 L4 
Q2010 L5 
Q2012 L5 
Q2015 L5 
Q2025 L5 
Q4003 L3 
Q4003 L4 
Q4004 L3 
Q4004 L4 
Q4006 L4 
Q4006 L5 
Q4008 L4 
Q4008 L4 A 
Q4008 L5 
Q4010 L4 
Q4010 L5 
Q4012 L5 
Q4015 L5 
Q4025 L5 
Q5004 L3 
Q5004 L4 
Q5006 L4 
Q5006 L5 
Q6008 L4 
Q5008 L4 A 
Q5008 L5 
Q5010 L4 
Q5010 L5 
Q5012 L5 


THOMSON 


SEMICONDUCTORS 


PART NO. 


ESM 244-600 
ESM 244-50 
ESM 244-100 
ESM 244-200 
ESM 244-400 
ESM 244-600 
BYW 80-50 
BYW 80-100 
BYW 80-150 
BYW 80-200 
BYW 51-50 
BYW 51-100 
BYW 51-150 
BYW 51-200 
BYW 92-50 
BYW 92-100 
BYW 92-150 
BYW 92-200 
BYW 78-50 
BYW 78-100 
BYW 78-150 
BYW 78-200 
BAR 11 

BAR 10 

BAR 28 

P6KE 6VA,A,CA,CP,P 


| 


P6KE 150,A,CA,CP,P 
P6KE 160,A,CA,CP,P 


| 


P6KE 440,A,CA,CPP 
PLR 810 


| 


PLR 818 

BTA 06-200 S 
BTA 06-200 C 
BTA 06-200 C 
BTA 06-200 B 
BTA 08-200 C 
BTA 08-200 C 
BTA 08-200 B 
BTA 10-200 C 
BTA 10-200 C 
BTA 12-200 B 
BTA 16-200 B 
BTB 24-200 B 
TLC 226 B 
TLC 226 B 
BTA 06-400 S 
BTA 06-400 C 
BTA 06-400 C 
BTA 06-400 C 
BTA 08-400 C 
BTA 08-400 C 
BTA 08-400 B 
BTA 10-400 C 
BTA 10-400 B 
BTA 12-400 B 
BTA 16-400 B 
BTB 24-400 B 
BTA 06-600 S 
BTA 06-600 C 
BTA 06-600 C 
BTA 06-600 B 
BTA 08-600 C 
BTA 08-600 C 
BTA 08-600 B 
BTA 10-600 C 
BTA 10-600 B 
BTA 12-600 B 


THOMSON COMPONENTS MOSTEK 


DIRECT 
REPLACEMENT 
=X 
SIMILAR 
REPLACEMENT 
=O 


xX xXxOOODOOODOODODOOOQOO0O0000000 
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INDUSTRY 
PART NO. 


Q5015 L5 
Q5025 L5 
Q6004 L3 
Q6004 L4 
Q6006 L5 
Q6008 L5 
Q6008 L5 A 
Q6010 L5 
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B 5 
~~ 


THOMSON 


SEMICONDUCTORS 


PART NO. 


BTA 16-600 B 
BTB 24-600 B 
BTA 06-600 S 
BTA 06-600 C 
BTA 06-600 B 
BTA 08-600 B 
BTA 08-600 B 
BTA 10-600 B 
BTA 12-600 B 
BTA 16-600 B 
BTB 24-600 B 
PFR 850 
PFR 851 

PFR 852 
PFR 854 
PFR 854 
PFR 856 
PFR 856 
BYT 13-800 
BYT 13-1000 
PFR 850 
PFR 851 

PFR 852 
PFR 854 
PFR 856 
BYT 13-800 
BYT 13-1000 
BYT 11-600 
BYT 11-600 
PLR 817 

PLR 818 

BYT 11-600 
BYT 11-600 
PLR 817 

PLR 818 
PFR 850 
PFR 851 

PFR 852 
PFR 854 
PFR 854 
PFR 856 
PFR 856 
PFR 850 
PFR 851 

PFR 852 
PFR 854 
PFR 854 
PFR 856 
PFR 856 
PFR 850 
PFR 851 
PFR 852 
PFR 854 
PFR 856 
BYT 13-1000 
TLS 106-05 


| 


TLS 106-4 
TLS 107-05 


| 


TLS 107-4 
TYN 108 
TYN 208 
TYN 408 
TYN 408 
TYN 608 
TYN 058 
TYN 608 
TYN 808 
TXN 054 
TXN 056 


DIRECT 
REPLACEMENT 
=X 


SIMILAR | 
REPLACEMENT 
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THOMSON COMPONENTS MOSTEK 


cross reference 


DIRECT DIRECT | 
INDUSTRY THOMSON his ras INDUSTRY THOMSON seas aa 
SEMICONDUCTORS , SEMICONDUCTORS = 
PART NO. SIMILAR PART NO SIMILAR 
PART NO. PART NO. 
REPLACEMENT REPLACEMENT 
=0 =O 


S 0308 L TXN 058 

S 0310 L TXN 0510 
S 0312 L TXN 0512 
S 0315.L TYN 0516 
S 0320 L TYN 682 

S 0503 L TXN 054 

S 0506 L TXN 056 

S 0508 L TXN 058 

S 0510 L TXN 0510 
S 0512 L TXN 0512 
S 0515 L TYN 0516 
S 0520 L TYN 682 

S 1003 L TXN 104 

S 1006 L TXN 106 

S 1008 L TXN 108 

§ 1010 L TXN 110 

S 1012 L TXN 112 

S 1015 L TYN 116 

S 1020 L TYN 683 

S 2003 L TXN 204 

S 2006 L TXN 206 

S 2008 L TXN 208 

S 2010 L TXN 210 

S 2012 L TXN 212 

S 2015 L | TYN 216 

S 2020 L TYN 685 

S 2800 A TYN 108 

S 2800 B TYN 208 

S 2800 C TYN 408 

S 2800 D TYN 408 

S 2800 E TYN 608 

S 2800 F TYN 058 

S 2800 M TYN 608 

S 2800 N TYN 808 

S 4003 L TXN 404 

S 4006 L TXN 406 

S 4008 L TXN 408 

S 4010 L TXN 410 

S$ 4012 L TXN 412 

S 4015 L TYN 416 

S 4020 L TYN 688 

S 6003 L TXN 604 

S 6006 L TXN 606 

S 6008 L TXN 608 

S 6010 L TXN 610 

S 6012 L TXN 612 

S 6015.L TYN 616 

S 6020 L TYN 690 

S 6100 C TYN 416 

S 6100 E TYN 616 
SA 5.0,A BZW 06-5V8 
SA 6.0,A BZW 06-5V8 
SA 7.0,A BZW 06-6V4 
SA 8.0,A BZW 06-7V8 
SA 9.0,A BZW O06P8V5 
SA 10,A BZW 06-10 
SA 11,A BZW 06-11 
SA 12,A BZW 06P13 
SA 13,A BZW 06P14 
SA 14,A BZW 06P15 
SA 15,A BZW O06P17 
SA 16,A BZW 06-16 
SA 17,A BZW 06-17 
SA 18,A BZW O6P19 
SA 20,A BZW 06P20 
SA 22,A BZW 06P23 
SA 24,A BZW O6P26 
SA 26,A BZW 06-26 
SA 28,A BZW 06-28 
SA 30,A BZW 06-31 
SA 33,A BZW 06-33 
SA 36,A BZW 06-40 
SA 40,A BZW 06-44 


SA 43,A BZW 06-48 
SA 45,A BZW O6P53 
SA 48,A BZW 06-53 
SA 51,A BZW 06-58 
SA 54,A BZW O06P64 
SA 58,A BZW 06-64 
SA 60,A BZW O6P70 | 
SA 64,A BZW 06-70 
SA 70,A BZW 06-78 
SA 75,A BZW O6P85 
SA 78,A BZW 06P85 
SA 85,A BZW 06-85 
SA 90,A BZW 06P94 
SA 100,A BZW 06P102 
SA 110,A BZW 06-111 
SA 120,A BZW 06P128 
SA 130,A BZW O06P136 
SA 150,A BZW 06-154 
SA 160,A BZW O6P71 
SA 170,A BZW 06-171 
SB 120 BYV 10-20 
SB 130 BYV 10-30 
SB 140 BYV 10-40 
SC 136 A TLC 116 B 
SC 136 B TLC 116B 
SC 136 C TLC 226 B 
SC 136 D TLC 226 B 
SC 136 E TLC 386 B 
SC 136 M TLC 386 B 
SC 140 B BTA 06-200 B 
SC 140 D BTA 06-400 B 
SC 140 E BTA 06-600 B 
SC 140 M BTA 06-600 B 
SC 141A BTB 06-200 B 
SC 141 B BTB 06-200 B 
SC 141 C BTB 06-400 B 
SC 141 D BTB 06-400 B 
SC 141 E BTB 06-600 B 
SC 141 M BTB 06-600 B 
SC 141S BTB 06-700 B 
SC 142 B BTA 08-200 B 
SC 142 D BTA 08-400 B 
SC 142 E BTA 06-800 B 
SC 142 M BTA 08-600 B 
SC 143 B BTB 08-200 B 
SC 143 D BTB 08-400 B 
SC 143 E BTB 08-600 B 


SC 143 M BTB 08-600 B 
SC 146 B BTB 10-200 B 
SC 146 D BTB 10-400 B 
SC 146 E BTB 10-600 B 
SC 146 F BTB 10-400 B 
SC 146 M BTB 10-600 B 
SC 146S BTB 10-700 B 
SC 147 B BTA 10-200 B 
SC 147 D BTA 10-400 B 
SC 147E BTA 10-600 B 
SC 147M BTA 10-600 B 
SC 148 B BTA 12-200 B 
SC 148 D BTA 12-400 B 
SC 148 E BTA 12-600 B 
SC 148 M BTA 12-600 B 
SC 149 B BTB 12-200 B 
SC 149 D BTB 12-400 B 
SC 149 E BTB 12-600 B 
SC 149M BTB 12-600 B 
SC 150 B BTA 16-200 B 
SC 150 D BTA 16-400 B 
SC 150 E BTA 16-600 B 
SC 150 M BTA 16-600 B 
SC 151 B BTB 16-200 B 
SC 151 D BTB 16-400 B 
SC 151 E BTB 16-600 B 
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INDUSTRY 
PART NO. 


SC 151M 
SD 101A 
SD 101 B 
SD 101 C 
SD 102 A 
SD 102 B 
SD 102 C 
SD 103 A 
SD 103 B 
SD 103 C 
SD 914 
SO 918 
SO 2222,A 
SO 2369 
SO 2894 
SO 2907,A 
SO 3906 
SO A05 
SO A06 
SO A55 
SO A56 
SSH 1A 020 
SSH 1A 040 
SVT 7520 
SVT 7521 
SVT 7522 
SVT 7550 
SVT 7551 
SVT 7552 
SVT 7553 
SVT 7554 
SVT 7555 
SVT 7570 


T 2850 D 
T 2850 E 
T 2850 M 
T 6000 B 
T 6000 C 
T 6000 D 
T 6000 E 
T 6000 M 
T 6001 B 


THOMSON 


SEMICONDUCTORS 


PART NO. 


BTB 16-600 B 
IN 6263 

IN 6263 

IN 6263 

BAT 42/BAT 48 
BAT 42/BAT 48 
BAT 42/BAT 48 
BAT 48 

BAT 48 

BAT 48 

SD 914 

SO 918 

SO 2222,A 
SO 2369 

SO 2894 

SO 2907,A 
SO 3906 

SO A05 

SO A06 

SO A55 

SO A56 

BYV 10-20 
BYV 10-40 
BUX 47 

BUX 47 

BUX 47 

BUX 48 

BUX 48 

BUX 48 

BUX 48 

BUX 48 

BUX 48 

2N 6677 

2N 6678 

2N 6677 

2N 6678 

BTB 06-200 C 
BTB 06-200 C 
BTB 06-400 C 
BTB 06-400 C 
BTB 06-700 C 
BTB 06-600 C 
BTB 06-700 C: 
BTB 08-200 C 
BTB 08-400 C 
BTB 08-400 C 
BTB 08-600 C 
BTB 08-200 C 
BTB 08-600 C 
BTB 06-200 B 
BTB 06-200 B 
BTB 06-400 B 
BTB 06-400 B 
BTB 06-600 B 
BTB 06-600 B 
BTB 06-700 B 
BTB 08-200 B 
BTB 08-400 B 
BTB 08-400 B 
BTB 08-600 B 
BTB 08-200 B 
BTB 08-600 B 
BTA 08-200 C 
BTA 08-200 C 
BTA 08-400 C 
BTA 08-600 C 
BTA 08-600 C 
BTB 16-200 B 
BTB 16-400 B 
BTB 16-400 B 
BTB 16-600 B 
BTB 16-600 B 
BTB 16-200 B 


THOMSON COMPONENTS MOSTEK 


DIRECT 
REPLACEMENT 
=X 
SIMILAR 
REPLACEMENT 
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cross reference 


12 


INDUSTRY 
PART NO. 


T 6001 C 
T 6001 D 
T 6001 E 
T 6001 M 
TGAL 602 


| 


TGAL 610 
TGDV 601 


| 


TGDV 612 
TIP 50 
TIP 57 A 
TIP 58 A 
TIP 75,A,B,C 
TIP 151 
TIP 152 
TIP 554 
TIP 555 
TIP 556 
TIP 560 
TIP 561 
TIP 562 
TIP 563 
TL 107-05 


| 


TL 107-6 
TL 1006 
TL 2006 
TL 4006 
TL 6006 
TL 8006 
TLC 116A 
TLC 116 B 
TLC 226A 
TLC 226 B 
TLC 336 A 
TLC 336 B 
TLC 386 A 
TLC 386 B 
TLS 106-05 


| 


TLS 106-6 
TLS 107-05 


| 


TLS 107-6 
T-LVA 47A 
T-LVA 51A 
T-LVA 56A 
T-LVA 62A 
T-LVA 68A 
T-LVA 75A 
T-LVA 82A 
T-LVA 91A 
T-LVA 100A 
T-LVA 347A 
T-LVA 351A 
T-LVA 356A 
T-LVA 362A 
T-LVA 368A 
T-LVA 375A 
T-LVA 382A 
T-LVA 391A 
T-LVA 450A 
T-LVA 453A | 
T-LVA 456A 
T-LVA 459A 
T-LVA 462A 
T-LVA 465A 


THOMSON 


SEMICONDUCTORS 


PART NO. 


BTB 16-400 B 
BTB 16-400 B 
BTB 16-600 B 
BTB 16-600 B 
TGAL 602 


| 


TGAL 610 
TGDV 601 


| 


TGDV 612 
MJE 13006 
BUV 47 
BUV 47 
BUV 46 
MJE 13007 
MJE 13007 
2N 6671 
2N 6671 
2N 6671 
BUX 47 
BUX 47 
BUX 48 
BUX 48 
TL 107-05 


| 


TL 107-6 
TL 1006 
TL 2006 
TL 4006 
TL 6006 
TL 8006 
TLC 116 A 
TLC 116 B 
TLC 226 A 
TLC 226 B 
TLC 336A 
TLC 336 B 
TLC 386 A 
TLC 386 B 
TLS 106-05 


| 


TLS 106-6 
TLS 107-05 


| 


TLS 107-6 
T-LVA 47A 
T-LVA 51A 
T-LVA 56A 
T-LVA 62A 
T-LVA 68A 
T-LVA 75A 
T-LVA 82A 
T-LVA 91A 
T-LVA 100A 
T-LVA. 347A 
T-LVA 351A 
T-LVA 356A 
T-LVA 362A 
T-LVA 368A 
T-LVA 375A 
T-LVA 382A 
T-LVA 391A 
T-LVA 450A 
T-LVA 453A 
T-LVA 456A 
T-LVA 459A 
T-LVA 462A 
T-LVA 465A 


DIRECT 
REPLACEMENT 
ae. 


SIMILAR 
REPLACEMENT 
=O 


OODODNONQ0000000 


THOMSON COMPONENTS MOSTEK 


cross reference 


DIRECT DIRECT 


REPLACEMENT REPLACEMENT 
INDUSTRY THOMSON =X INDUSTRY THOMSON =k 7 


_ | SEMICONDUCTORS SEMICONDUCTORS 
PART NO. | SIMILAR PART NO. SIMILAR 
| PART NO. REPLACEMENT PART NO. REPLACEMENT 


T-LVA 468A 
T-LVA 471A 
T-LVA 474A 
T-LVA 477A 
T-LVA 480A 
T-LVA 483A 
T-LVA 486A 
T-LVA 489A 
T-LVA 492A 
T-LVA 495A 
T-LVA 498A 
T-LVA 3100A 
TODV 125 
TODV 140 
TODV 225 
TODV 240 
TODV 425 
TODV 440 
TODV 625 
TODV 640 
TODV 825 
TODV 840 
TODV 1025 
TODV 1040 
TODV 1225 
TODV 1240 
TPA 62 A 12 


| 


TPA 270 A 12 
TPA 62 A 18 


! 


TPA 270 A 18 
TPA 62 B 12 


| 


TPA 270 B 12 
TPA 62 B 18 


| 


TPA 270 B 18 
TPB 62 A 12 


| 


TPB 270 A 12 
TPB 62 A 18 


| 


TPB 270 A 18 
TPB 62 B 12 


| 


TPB 270 B 12 
TPB 62 B 18 


| 


TPB 270 B 18 
TPDV 125 
TPDV 140 
TPDV 225 
TPDV 240 
TPDV 425 
TPDV 440 
TPDV 625 
TPDV 640 
TPDV 825 
TPDV 840 
TPDV 1025 
TPDV 1040 
TPDV 1225 
TPDV 1240 
TYN 054 


T-LVA 468A 
T-LVA 471A 
T-LVA 474A 
T-LVA 477A 
T-LVA 480A 
T-LVA 483A 
T-LVA 486A 
T-LVA 489A 
T-LVA 492A 
T-LVA 495A 
T-LVA 498A 
T-LVA 3100A 
TODV 125 
TODV 140 
TODV 225 
TODV 240 
TODV 425 
TODV 440 
TODV 625 
TODV 640 
TODV 825 
TODV 840 
TODV 1025 
TODV 1040 
TODV 1225 
TODV 1240 
TPA 62 A 12 


| 


TPA 270 A 12 
TPA 62 A 18 


| 


TPA 270 A 18 
TPA 62 B 12 


| 


TPA 270 B 12 
TPA 62 B 18 


| 


TPA 270 B 18 
TPB 62 A 12 


! 


TPB 270 A 12 
TPB 62 A 18 


| 


TPB 270 A 18 
TPB 62 B 12 


| 


TPB 270 B 12 
TPB 62 B 18 


| 


TPB 270 B 18 
TPDV 125 
TPDV 140 
TPDV 225 
TPDV 240 
TPDV 425 
TPDV 440 
TPDV 625 
TPDV 640 
TPDV 825 
TPDV 840 
TPDV 1025 
TPDV 1040 
TPDV 1225 
TPDV 1240 
TYN 054 


TYN 056 
TYN 058,G,K 
TYN 0510 
TYN 0512 
TYN 0516 
TYN 104 
TYN 106 
TYN 108,G,K 
TYN 110 
TYN 112 
TYN 116 
TYN 204 
TYN 206 
TYN 208,G,K 
TYN 210 
TYN 212 
TYN 216 
TYN 404 
TYN 406 
TYN 408,G,K 
TYN 410 
TYN 412 
TYN 416 
TYN 604 
TYN 606 
TYN 608,G,K 
TYN 610 
TYN 612 
TYN 616 
TYN 682 
TYN 683 
TYN 685 
TYN 688 
TYN 690 
TYN 804 
TYN 806 
TYN 808,G,K 
TYN 810 
TYN 812 
TYN 1004 
TYN 1006 
TYN 1008,G,K 
TYN 1010 
TYN 1012 
TYP 212 
TYP 512 
TYP 1012 


UES 704 
UES 801 


UES 802 
UES 803 
UES 804 
UES 805 
UES 806 
UES 1401 
UES 1402 
UES 1403 
UES 2401 
UES 2402 
UES 2403 
UMT 1008 
UMT 1009 
UMT 1011 
UMT 1012 
UMT 1203 
UMT 1204 
UMT 13004 
UMT 13009 
UTR 01 
UTR 11 
UTR 21 
UTR 31 
UTR 41 


TYN 056 
TYN 058,G,K 
TYN 0510 
TYN 0512 
TYN 0516 
TYN 104 
TYN 106 
TYN 108,G,K 
TYN 110 
TYN 112 
TYN 116 
TYN 204 
TYN 206 
TYN 208,G,K 
TYN 210 
TYN 212 
TYN 216 
TYN 404 
TYN 406 
TYN 408,G,K 
TYN 410 
TYN 412 
TYN 416 
TYN 604 
TYN 606 
TYN 608,G,K 
TYN 610 
TYN 612 
TYN 616 
TYN 682 
TYN 683 
TYN 685 
TYN 688 
TYN 690 
TYN 804 
TYN 806 
TYN 808,G,K 
TYN 810 
TYN 812 
TYN 1004 
TYN 1006 
TYN 1008,G,K 
TYN 1010 
TYN 1012 
TYP 212 
TYP 512 
TYP 1012 
BYW 77-200 
BYW 07-50 
BYW 07-100 
BYW 07-150 
BYT 60-200 
BYT 60-300 
BYT 60-400 
BYW 80-50 
BYW 80-100 
BYW 80-150 
BYW 51-50 
BYW 51-100 
BYW 51-150 
BUX 47 
BUX 47 
BUX 48 
BUX 48 
BUV 46 
BUV 46 
MJE 13004 
MJE 13009 
PLR 810 
PLR 811 
PLR 812 
PLR 813 
PLR 814 


OODDDODVDNDDDVONOOONONO0O0OOXxXxXO00Xx 


THOMSON COMPONENTS MOSTEK 


cross reference 


DIRECT 
REPLACEMENT 


THOMSON bs 
INDUSTRY = X 
PART NO. SEMICONDUCTORS SIMILAR 


DIRECT 


THOMSON aii sel 


INDUSTRY SEMICONDUCTORS SIMILAR 


PART NO. 


PART NO. PART NO. 


UTR 51 

UTR 61 

UTR 2305 
UTR 2310 
UTR 2320 
UTR 2340 
UTR 2350 
UTR 2360 
UTR 3305 
UTR 3310 
UTR 3320 
UTR 3340 
UTR 3350 


<<<<<<<<< 
OWWWW& 
oi G1 G1 Gi © 
ONO 


VHE 2402 
VHE 2403 
VHE 2404 
VSK 120 
VSK 130 
VSK 140 
BZV55COV8 


| 


BZV55C200 
TMMS5221 


| 


TMMS281 
BZM85C2V7 


| 


BZM85C200 
TM4728 


| 


TM4764 
T™M4187 


| 


T™M4193 
TMMBAR19 
TMMBAT42 
TMMBAT43 
TMMBAR28 
TMMBARI10 
TMMBAR11 
TMMBAT19 
TMMBAT29 
TMMBAT41 
TMMBAT45 
TMMBAT46 
TMMBAT47 


PLR 816 
PLR 816 
PFR 850 
PFR 851 
PFR 852 
PFR 854 
PFR 856 
PFR 856 
PFR 850 
PFR 851 
PFR 852 
PFR 854 
PFR 856 
PFR 856 
PFR 850 
PFR 851 
PFR 852 
PFR 854 
PFR 856 
PFR 856 
PFR 850 
PFR 851 
PFR 852 
PFR 854 
PFR 856 
PFR 850 
PFR 851 
PFR 852 
PFR 854 
PFR 856 
BYW 80-50 
BYW 80-100 
BYW 80-50 
BYW 80-200 
BYW 51-50 
BYW 51-100 
BYW 51-150 
BYW 51-200 
BYV 10-20 
BYV 10-30 
BYV 10-40 
BZV55COV8 


| 


BZV55C200 
TMM5221 


| 


TMM5281 
BZM85C2V7 


| 


BZM85C200 
T™M4728 


| 


TM4764 
T™M4187 


| 


TM4193 
TMMBAR19 
TMMBAT42 
TMMBAT43 
TMMBAR28 
TMMBAR10 
TMMBAR11 
TMMBAT19 
TMMBAT29 
TMMBAT41 
TMMBAT45 
TMMBAT46 
TMMBAT47 


REPLACEMENT 
=O 


yf oR Ok of olozoleovoxyololeolololelele> > 2 2 > selololelelelelelelejlereloleleyerelelele) 


x x< 


«KX << 


<< 


KK KK OK OK OK OK OK DKK OK OK 
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TMBYV1020A 
TMBYV1020 
TMBYV1030 
TMBYV1040 
TMBYV1060 
TMBAT49 


TMBYV1020A 
TMBYV1020 
TMBYV1030 
TMBYV1040 
TMBYV1060 
TMBAT49 


REPLACEMENT 
=O 


KK OK OK OK OK 


THOMSON COMPONENTS MOSTEK 


DISCRETE DEVICES 


THOMSON COMPONENTS MOSTEK 


POWER TRANSISTORS 


Power switching transistors TO 3 


80-90 200 yo 300 400 450 
160 300 450 pa 850 850 


SS EEC 

fae GN Ct oc a 
one Ge NO Me Ses 
C2 
dO CC 
SO ST 
wot | | |. | | [ | [— 

ee 


wo 
Cc 
= 
w 
so 


BUV 19 


Insulating voltage 2500 Veays 
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THOMSON COMPONENTS MOSTEK 


POWER TRANSISTORS 


Power switching transistors TO 220 


200 300 300 300 400 400 400 
FURIRLRIPIRLRLRL 
aa ae ae Ce 


ae ne] [pa nn nos a | 


val 


TO 220 AB (CB-117) 


90 
180 


NA 


ee 
a ae ra [a 80 oa Tm BONS 
PTT fo PT CE 
OZ OC 
PT ree | a are aa eee Gees 
Zs A se a Sa ee ee eee 

24 a as cc a a ee) ia eae nea (a 

> Power switching transistors TOP 3 

TOP 3 (CB-244) 


Insulated 
Insulating voltage 2500 Vems 
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THOMSON COMPONENTS MOSTEK 


POWER TRANSISTORS 


> Power switching darlingtons ISOTOP 


| Insulated 


J Insulating voltage 2500 VRMS 


y) 
SG High power switching transistors TO 83 


THOMSON COMPONENTS MOSTEK 


POWER TRANSISTORS 


2 TOP 3 darlington for automotive ignition 


TOP 3 (CB-244) 


IC¢(sat)/!B(sat) 
(A) (A) 


Insulated 
Insulating voltage 2500 Vans 


THOMSON COMPONENTS MOSTEK 


SMALL SIGNAL DIODES 


Small signal diode fast switching 


DO 35 (CB-102) 
Ve - -VRM 
Te] 
eels oe 
Small signal diode low leakage 
DO 35 (CB-102) 


VR - te 
™ 
125 - 150 pom 1N 3595 E 
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THOMSON COMPONENTS MOSTEK 


SMALL SIGNAL DIODES 


Small signal schottky diodes 
general purpose 


DO 35 
(CB-102) 


BYV 10-20 A 
—BYV 10-20 


BYV 10-30 
(IN 5818) 


BYV 10-40 
( 1N 5819) DO 41 
(CB-101) 
BYV 10-60 


BAT 49 


Small signal schottky diodes 
UHF and ultra-fast switching 


DO 35 (CB-102) 


BAR 19 
BAT 29 
BAT 19 
BAT 45 


BAR 10 
BAR 11 
IN 5712 


BAR 28 
1N 5711 
TN 6263 
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THOMSON COMPONENTS MOSTEK 


ZENER DIODES 


DO 35 (CB-102) DO 41 DO 4 DO5 
(cB-101)} 7 cB-417 | (CB-33) | (CB-34) 


0.4 0.4 0.4 0.4 0.4 5 10 50 
note 1 note 1 note 2 note 2 note 3 note 6 note 7 note 7 
1.8 
2.0 
92 
2.4 IN 4370 A IN 52218 
25 IN 5222 B 
2.7 IN 5223 B 
2.8 IN 5224 B 
a0 1N 5225 B 
3.3 1N 5226 B 
3.6 1N 5227 B 
3.9 IN 5228 B 
4.3 IN 5229 B 
4.7 IN 4624 TLVA 347A IN 5230 B 
5.0 TLVA 450A 
| IN 4625 TLVA 351A IN 5231 B | IN 4733 A | 1N 5338 B 
5.3 TLVA 453A 
5.6 1N 4626 IN 752A TLVA 356A | TLVA 456A | 1N 5232 B | 1N 4734A |] 1N 5339 B 
59 TLVA 459A 
6.0 1N 5233 B 1N 5340 B 
ne 1N 4627 IN 753 A TLVA 362A a en 1N 5234 B | IN 4735 A | 1N 53418 
6. A 465A 
6.8 1N 754A 1N 957 B TLVA 368A | TLVA 468A | 1N 5235B | 1N 4736A | 1N 5342 B | IN 29708 | IN 3305B 
731 TLVA 471A 
7.4 TLVA 474A 
7.5 IN 755A 1N 958 B TLVA 375A TN 5236 B | IN 4737 A | 1N 5343 B | IN 2971B | 1N 3306B 
7d TLVA 477A 
8.0 TLVA 480A 
8.2 IN 756A IN 959 B TLVA 382A TN 5237 B | IN 4738 A | 1N 5344 B | 1N 2972 B | 1N 3307 B 
8.3 TLVA 483A 
8.6 TLVA 486A 
8.7 IN 5238 B IN 5345 B 
8.9 TLVA 489A 
9.1 IN 757 A TLVA 391A IN 5239 B | IN 4739 A | IN 5346B | IN 2973 B | IN 3308 8B 
9.2 TLVA 492A 
95 TLVA 495A 
9.8 TLVA 498A 
0 IN 758A IN 961 8B TLVA 3100A 1N 5240 B 1N 5347 B IN 3309 B 
1 IN 962 B IN 52418 IN 5348 B 1N 3310B 
2 IN 759 A 1N 963 B IN 5242 B IN 5349 B IN 3311 B 
3 IN 964 8B 1N 5243 B 1N 5350 B 1N 3312 B 
IN 5244 8B TN 5351 B 
1N 965 B 1N 5245 B TN 5352 B | IN 2979 B | IN 3314B 
IN 966 B IN 5246 B | IN 4745A | 1N IN 2980 B | IN 3315B 
IN 5247 B IN 
IN 967 B IN 5248 B |} IN 4746A | 1N IN 2982 B | IN 3317 B 
IN 5249 B IN 
1N 968 B 1N 5250 B | IN 4747 A | IN 1N 2984 B | IN 3319B 
IN 969 B 1N 5251 B | IN 4748 A | 1N TN 2985 B | IN 3320B 
IN 970 B IN 5252 B | IN 4749 A | IN IN 2986 B | IN 3321 8B 
IN 5253 B 1N 
IN 971 8B 1 IN 5254 B IN IN 2988 B | IN 3323 8B 
TN 5255 B IN 
IN 972 B IN 5256B | 1 IN IN 2989 B | 1N 3324 8B 
IN 973 B IN 5257 B | IN IN IN 2990 B | IN 3325 B 
IN 974B IN 5258 B | 1N IN IN IN 3326 B 
IN 975 8B IN 5259 B | IN IN IN IN 3327 B 
IN 976 B IN 5260 B | IN IN IN IN 3328 B 
IN 977 B TN 5261 B | IN IN IN IN 3330 B 
IN 978 B TN 5262 B | 1N IN IN IN 3332 B 
IN 979 B IN 5263 B | IN IN IN IN 3334 B 
IN 5264 B IN 
1N 980 B 1N 5265 B | IN 1N IN 1N 3335 B 
IN 981 8B IN 5266 B | IN IN IN 1N 3336 B 
1N 982 B 1N 5267 B | IN 1N 1N 1N 3337 B 
1N 983 B IN 5268 B | 1N 1N 1N 1N 3338 B 
TN 5269 B 1N 
IN 984 B IN 5270 B | IN IN IN IN 3339 B 
IN 985 B 1N 5271 B 1 1N IN IN 1N 3340 B 
1N 986 B 1N 5272 B | IN IN 1N 1N 3342 B 
1N 987 B 1N 5273 B | IN IN IN 1N 3343 B 
1N 988 B 1N 5274B | IN 1N IN 1N 3344 B 
1N 5275 B 1N 
IN 989 B IN 5276 8B IN N IN 3346 B 
IN 990 B IN 5277 B IN N IN 3347 B 
1N 5278 B 1N 
IN 9918B IN 5279 B | IN 4192 B | 1N IN 3349 B 
IN 5280 B IN 
IN 992 B IN 5281 B | IN 4193 B | IN IN 3350 B 
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THOMSON COMPONENTS MOSTEK 


ZENER DIODES 


TOLERANCES FOR ZENER DEVICES 


Note 1 : Tolerance on nominal V7T value : + 5 %. 


Tight voltage tolerances : 
1N 4370 C thru 1N 4372 C - 1N 746 C thru 1N 759 C - IN 957 C thru 1N 992 C : 
1N 4370 D thru 1N 4372 D - 1N 746 D thru 1N 759 D - 1N 957 D thru IN 992 D: 


For other voltages, consult the manufacturer. 
Tolerance on nominal V7T value : + 5 %. 
For other tolerances, consult the manufacturer. 


For other voltages, consult the manufacturer. 
Tolerance on nominal V7T value : + 0.2 V. 
For other tolerances, consult the manufacturer. 


Tolerance on nominal VzT value : + 5 %. 


Tight voltage tolerances : 
1N 5221 C thru IN 5271 C: + 2%. 
IN 5221 D thru IN 5252D: + 1%. 


Tolerance on nominal VzT value : + 5 %. 


Tight voltage tolerances : 

IN 4728 C thru 1N 4749 C: + 2%. 
1N 4728 D thru IN 4749D: + 1%. 
VzT > 24 V on request. 


Tolerance on nominal Vz7T value : + 5 %. 


Tolerance on nominal V7T value : + 6 %. 


Temperature compensated zener diodes 


DO 35 (CB-102) 


3 15 
15 
10 


IN 3498 
1N 827 
1N 827 A 


IN 3497 1N 3499 
TN 825 1N 829 
IN 825A IN 829 A 


IN 3496 
1N 823 
IN 823 A 


6.4 0.5 IN 4566 IN 4567 IN 4568 1N 4569 
wl IN 4571 IN 4572 IN 4573 IN 4574 
2 1N 4576 IN 4577 IN 4578 IN 4579 
4 IN 4581 IN 4582 1N 4583 1N 4584 
0.5 1N 4566 A IN 4567 A IN 4568 A IN 4569 A 
] IN 4571 A IN 4572 A IN 4573 A IN 4574A 
y4 IN 4576 A IN 4577 A IN 4578 A 1N 4579 A 
4 IN 4581 A IN 4582 A IN 4583 A TN 4584 A 


8.4 15 TN 3155 IN 3156 1N 3157 
15 IN 3155 A IN 3156 A IN 3157 A 

0.5 15 IN 4776 1N 4777 IN 4778 1N 4779 
] 15 IN 4781 1N 4782 1N 4783 1N 4784 
0.5 10 IN 4776 A IN 4777 A 1N 4778 A 1N 4779 A 
1 10 1N 4781 A IN 4782 A 1N 4783 A IN 4784 A 
Ve 20 IN 936 IN 937 1N 938 IN 939 
i5 20 IN 936A IN 937 A IN 938A 1N 939 A 
78 20 IN 936 B 1N 937 B 1N 938 B 1N 939 B 
0.5 350 IN 4766 1N 4767 1N 4768 1N 4769 
] 200 IN 4771 IN 4772 1N 4773 1N 4774 
0.5 350 IN 4766 A 1N 4767 A 1N 4768 A 1N 4769 A 
] 200 IN 4771 A 1N 4772 A 1N 4773 A 1N 4774A 
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THOMSON COMPONENTS MOSTEK 


TRANSIENT OVERVOLTAGE PROTECTION DEVICES 


General purpose transient suppressor diodes “TRANSIL’ 


F 126 (CB-210) CB-417 


400 
note 1 note 2 


AG (CB-257) 


5 KW 


note 1 


P6KE 6V8 P 
P6KE 7V5 P 
P6KE 8V2 P : 8V2 P 
BZW 04 P 7V8 P6KE 9V1 P LS KE 9V1 P 
BZW 04 P 8V5 P6KE 10 P TORE 10? BZW 50 8V2 
BZW 04 P 9V4 P6KE 11 P LOKE TI? 
Bi KE 12 LORE 12? BZW 50 10 


BZW 04 P 11 LSE IS F 


BZW 50 12 


BZW 04 P 14 P6KE 16 P 1.5 KE 16 P 


BZW 04 P 15 BZW 50 15 
BZW 04 P 17 P6KE 20 P 1.5 KE 20 P 
BZW 50 18 


BZW 04 P 19 


BZW 50 22 


BZW 50 27 


BZW 50 33 


BZW 04 P 37 P6KE 43 P 1.5 KE 43 P 

BZW 04 P 40 P6KE 47 P 1.5 KE 47 P BZW 50 39 

BZW 04 P 44 P6KE 51 P 1.3 KES P 

BZW 04 P 48 P6KE 56 P 1.3: KE 56 P BZW 50 47 
1.5 KE 62 P 


BZW 04 P 53 P6KE 62 P 


BZW 50 56 


BZW 50 68 


BZW 04 P 78 


BZW 50 82 


P6KE 110 P 


BZW 04 P 94 1.5 KE 110 P 
BZW 04 P 102 P6KE 120 P 1.5 KE 120 P BZW 50 100 
BZW 04 P 111 1.3 KE 130 P 


BZW 50 120 


BZW 04 P 136 


BZW 04 P 145 P6KE 170 P 1.5 KE 170 P 

BZW 04 P 154 P6KE 180 P 1.5 KE 180 P BZW 50 150 
BZW 04 P 171 P6éKE 200 P 

BZW 04 P 188 P6KE 220 P BZW 50 180 
BZW 04 P 213 P6KE 250 P 1.5 KE 250 P 

BZW 04 P 239 


P6KE 280 P 1.5 KE 280 P 


BZW 04 P 256 

BZW 04 P 273 P6KE 320 P 1.5 KE 320 P 
BZW 04 P 299 P6KE 350 P 1.5 KE 350 P 
BZW 04 P 342 P6KE 400 P 


BZW 04 P 376 P6KE 440 P 


Note 1 : BZW series bidirectional devices available. Designation : Type number + suffix B. 
Note 2 : P6KE and 1.5 KE series bidirectional devices available. 


Designation : adds a C before P, example : P6KE 22 CP. 


Recommended devices. 
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THOMSON COMPONENTS MOSTEK 


TRANSIENT OVERVOLTAGE PROTECTION DEVICES 


1.5 KW - 5 V transient suppressor for 
MOS.C-MOS.»yP protection 


V(BR) min IN 5908 
6V 


Trisil TP telephone protection 


F 126 (CB-210) CB-429 


V(BR) min (V) 


TPA 270 B 


TPA 62 A TPB 62A 
TPA 62 B TPB 62 B 
TPA 68 A TPB 68 A 
TPA 68 B TPB 68 B 
TPAZSA TPB75A 
TPA 75 B TPB 75 B 
TPA 82A TPB 82 A 
TPA 82 8B TPB 82 B 
TPA9YIA TPB9TA 
TPA 91 B TPB 91 B 
TPA 100 A TPB 100 A 
TPA 100 B TPB 100 B 
TPA 110A TPB 110A 
TPA 110B TPB 110 B 
TPA 120A TPB 120A 
TPA 120B TPB 120 B 
TPA 130A TPB 130A 
TPA 130 B TPB 130 B 
TPA 150A TPB 150A 
TPA 150 B TPB 150 B 
TPA 160A TPB 160A 
TPA 160 B TPB 160 B 
TPA 180A TPB 180 A 
TPA 180 B TPB 180 B 
TPA 200 A TPB 200 A 
TPA 200 B TPB 200 B 
TPA 220 A TPB 220 A 
TPA 220 B TPB 220 B 
TPA 240A TPB 240 A 
TPA 240 B TPB 240 B 
TPA 270 A TPB 270A 


TPB 270 B 


THOMSON COMPONENTS MOSTEK 


RECTIFIERS DIODES — 


Ultra-fast high efficiency diodes plastic case 


& ¢ @ > , 
F126 DO 27A TO 220 AB 
(CB-210) (CB-197) 


ISOTO 
(CB-451) 


” DO 220 AB 
(CB-468) (CB-428) 


= 
Se 


50 BYW 10050 BYW 9850 BYW 8050 BYW 5150 BYW 99P50 BYV 5250 
100 BYW 100100 BYW 98100 BYW 80100 BYW 51100 BYW 99P100 BYV 52100 
150 BYW 100150 BYW 98150 BYW 80150 BYW 51150 BYW 99P150 BYV 52150 
200 BYW 100200 -BYW 98200 BYW 80200 BYW 51200 BYW 99P200 BYV 52200 


Insulated Note 1 : Screwable version for ISOTOP case (CB-452). 
Insulating voltage : 2500 Vpays. 


Ultra-fast high efficiency diodes metal case 


DO 4 (CB-33) DO 5 (CB-34) 


BYW 8150 BYW 7750 BYW 7850 BYW 0850 

BYW 81100 BYW 77100 BYW 78100 BYW 08100 
BYW 81150 BYW 77150 BYW 78150 BYW 08150 
BYW 81200 BYW 77200 BYW 78200 BYW 08200 


Ultra-fast recovery diodes plastic case 


3 

is <S J 
oO 

6 


DO 220 AB TO 220 AB op ISOTO 
(CB-468) (CB-428) (CB-451) 


BYT 01200 BYT 03200 BYT 08P200 BYT 16P200 BYT 30P200 BYT 60P200 
BYT 01300 BYT 03300 BYT 08P300 BYT 16P300 BYT 30P300 BYT 60P300 
BYT 01400 BYT 03400 BYT 08P400 BYT 16P400 BYT 30P400 BYT 60P400 

BYT 12P600 BYT 30P600 

BYT 12P800 BYT 30P800 

BYT 12P1000 BYT 30P1000 


Insulated. Note 1 : Insulated version is available. 
Insulating voltage : 2500 Vrms. Note 2 : Screwable version for ISOTOP case (CB-452). 
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THOMSON COMPONENTS MOSTEK 


RECTIFIERS DIODES 


Ultra-fast recovery diodes metal case General purpose rectifiers 


BYT 12200 
BYT 12300 
BYT 12400 
BYT 12600 
BYT 12800 
BYT 121000 


BYT 30200 
BYT 30300 
BYT 30400 
BYT 30600 
BYT 30800 


1N 4001 
IN 4002 
IN 4003 
IN 4004 
IN 4005 
IN 4006 


DO 27A 
(CB-197) 


IN 5402 
IN 5404 
IN 5406 


BYT 301000 | IN 4007 


Fast recovery diodes 


_— F 126 (CB-210) DO 27A (CB-197) DO 5 (CB-14) 
Io(A) 

VRRM 1 

(V) 


PLR 810 PFR 850 ESM 24350 ESM 24450 
PLR 811 PFR 851 ESM 243100 ESM 244100 
PLR 812 PFR 852 ESM 243200 ESM 244200 
PLR 813 ESM 243300 ESM 244300 
PLR 814 PFR 854 ESM 243400 ESM 244400 
ESM 244500 


PLR 816 BYT 11600 PFR 856 BYT 13600 ESM 244600 


PLR 817 BYT 13800 


BYT 11800 | 


PLR 818 BYT 111000 BYT 131000 
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TL 1006 
TL 2006 
TL 4006 
TL 6006 
TL 8006 


THOMSON COMPONENTS MOSTEK 


THYRISTORS < 100 ARMS 


Sensitive gate thyristors plastic case 


TLS 107-05 TLS 106-05 
TLS 107-1 TLS 106-1 
TLS 107-2 TLS 108-2 
TLS 107-4 TLS 106-4 
TLS 107-6 TLS 106-5 


Note 1: Iq7 = 0.5 mA. 


Note 2: IeT = 2 MA. 


General purpose thyristors plastic case 


TOP 3 (CB-244) 


TYN 682 
TYN 683 
TYN 685 
TYN 688 
TYN 690 


| TYN 1006 | TYN 1008 


NOTE: INSULATING VERSION AVAILABLE ON REQUEST: 
ORDERING INFORMATION TXN. EXAMPLE: TXN 054. 
PENDING UL RECOGNITION FOR TXY SERIES. 


Note 1: Iq@7 max = 15 mA. 
Note 2: Iq7 max = 25 mA. 
Note 3: Iq7 max = 50 mA. 
Note 4: ley max = 80 mA. 


Note 5: With suffix G: IgT Max = 25 mA. 
With suffix K: IeT max = 40 mA. 
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THOMSON COMPONENTS MOSTEK 


THYRISTORS < 100 ARMS 


General purpose thyristors metal case 


BTW 3950 


BTW 39100 BTW 50100 
BTW 39200 BTW 48200 | BTW 50200 
BTW 39300 

BTW 39400 BTW 48400 | BTW 50400 
BTW 39500 

BTW 39600 BTW 48600 | BTW 50600 
BTW 39700 

BTW 39800 2N 5204 BTW 48800 | BTW 50800 
BTW 39900 

BTW 391000 2N 5206 BTW 501000 
BTW 391100 


BTW 391200 2N 5207 BTW 481200 | BTW 501200 


TYP 212 
TYP S12 
TYP 1012 
TYP 2012 


ITSM = 750 A (1 ms expo). 


Fast switching thyristors 


BTW 28A500 

BTW 28A600 TGF 148600 

BTW 28A700 TGF 148700 

BTW 28A800 TGF 148800 
TGF 148900 
TGF 1481000 
TGF 1481100 
TGF 1481200 
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TRIACS/ALTERNISTORS 


Sensitive triacs 


TLC 116 
TLC 226 
TLC 336 


BTA 04200 
BTA 04400 
BTA 04600 


BTA 06200 
BTA 06400 
BTA 06600 
BTA 06700 


BTA 08200 
BTA 08400 
BTA 08600 
BTA 08700 


TLC 386 BTA 04700 


Note 3 : Non isolated type available. 
Designation BTB... 


Note 1 : with suffixes T, S, A. 
Note 2 : with suffixes S, A. 


Quadrants 


| 


General purpose triacs 


i TO 65 
(CB-274) , TO 220 AB (CB-415) ‘| (CB-269) 


ee 


TLC 116 B 
TLC 226 B 
TLC 336 B 
TLC 386 B 


BTA 06200 
BTA 06400 
BTA 06600 
BTA 06700 


BTA 08200 
BTA 08400 
BTA 08600 
BTA 08700 


BTA 10200 
BTA 10400 
BTA 10600 
BTA 10700 


BTA 12200 
BTA 12400 
BTA 12600 
BTA 12700 


BTA 16200 
BTA 16400 
BTA 16600 
BTA 16700 


BTA 26200 
BTA 26400 
BTA 26600 
BTA 26700 


BTA 41200 
BTA 41400 
BTA 41600 
BTA 41700 


TGAL 602 
TGAL 604 
TGAL 606 


TGAL 608 
TGAL 610 


Note 1 : with suffixes B, C. Note 4 : Non isolated type available. Designation BTB... 


Note 2 : with suffixes A, B. 


Note 3 : Quadrants Q] - Q2 : IGT = 100 mA. 
Quadrants Q2 - Q4: IGT = 150 mA. 


pat {a | as | as 


[| 50ma | soma | 50mA_| 100A 
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TRIACS/ALTERNISTORS 


Alternistors 


TOP 3 (CB-244) 


TPDV 125 TPDV 140 TGDV 601 
TXDV 208 TXDV 212 TPDV 225 TPDV 240 TGDV 602 
TXDV 408 TXDV 412 TPDV 425 | TPDV 440 TGDV 604 
TXDV 608 TXDV 612 TPDV 625 TPDV 640 TGDV 606 
TXDV 808 TXDV 812 TPDV 825 TPDV 840 TGDV 608 
TPDV 1025 TPDV 1040 TGDV 610 
TPDV 1225 TPDV 1240 TGDV 612 


Note 1 : Quadrants Q] - Q2 - Q3: IGT = 100 mA. 
Note 2 : Quadrants Q1 - Q2 - Q3: IGT = 150 mA. 
Note 3: Quadrants Q1 - Q2 - Q3:: IGT = 200 mA. 
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SURFACE MOUNT DEVICES 


Zener diodes 


Case SOT 23 - TO 236 (CB-474) . | > MINIMELF (CB-465) <> MELF (CB-466) 
General Purpose Reference Diode General Purpose 


V2T Types Marketing Types Types Types Types Types 
(V) note 1 note 2, 3 
0.8 . 


BZX 84C 2V7 


BZX 84C 3V0 
BZX 84C 3V3 
BZX 84C 3V6 
BZX 84C 3V9 
BZX 84C 4V3 
BZX 84C 4V7 
BZX 84C 5V1 
BZX 84C 5V6 


BZX 84C 6V2 


BZX 84C 6V8 
‘BZX 84C 7V5 
BZX 84C 8V2 


BZX 84C 9V1 
BZX 84C 10 
BZX 84C 11 
BZX 84C 12 
BZX 84C 13 


BZX 84C 15 
BZX 84C 16 


BZX 84C 18 


BZV 84C 20 
BZX 84C 22 
BZX 84C 24 


BZX 84C 27 


BZX 84C 30 
BZX 84C 33 
BZX 84C 36 
BZX 84C 39 
BZX 84C 43 
BZX 84C 47 
BZX 84C 51 
| BZX 84C 56 


BZX 84C 62 
BZX 84C 68 
BZX 84C 75 


BZV 55C 0V8 
BZV 55C 2V4 


BZV 55C 2V7 


BZV 55C 3V0 
BZV 55C 3V3 
BZV 55C 3V6 
BZV 55C 3V9 
BZV 55C 4V3 
BZV 55C 4V7 
BZV 55C 5V1 
BZV 55C 5V6 


BZV 55C 6V2 


BZV 55C 6V8 
BZV 55C 7V5 
BZV 55C 8V2 


BZV 55C 9V1 
BZV 55C 10 
BZV 55C 11 
BZV 55C 12 
BZV 55C 13 


BZV 55C 15 
BZV 55C 16 


BZV 55C 18 


BZV 55C 20 
BZV 55C 22 
BZV 55C 24 


BZV 55C 27 


BZV 55C 30 
BZV 55C 33 
BZV 55C 36 
BZV 55C 39 
BZV 55C 43 
BZV 55C 47 
BZV 55C 51 
BZV 55C 56 


BZV 55C 62 
BZV 55C 68 
BZV 55C 75 
BZV 55C 82 


BZV 55C 91 

BZV 55C 100 
BZV 55C 110 
BZV 55C 120 
BZV 55C 130 


BZV 55C 150 
BZV 55C 160 


BZV 55C 180 
BZV 55C 200 


TMM 5221 
TMM 5222 
TMM 5223 
TMM 5224 
TMM 5225 
TMM 5226 
TMM 5227 
TMM 5228 
TMM 5229 
TMM 5230 
TMM 5231 
TMM 5232 
TMM 5233 
TMM 5234 


TMM 5235 
TMM 5236 
TMM 5237 
TMM 5238 
TMM 5239 
TMM 5240 
TMM 5241 
TMM 5242 
TMM 5243 
TMM 5244 
TMM 5245 
TMM 5246 
TMM 5247 
TMM 5248 
TMM 5249 
TMM 5250 
TMM 5251 
TMM 5252 
TMM 5253 
TMM 5254 
TMM 5255 
TMM 5256 
TMM 5257 
TMM 5258 
TMM 5259 
TMM 5260 
TMM 5261 
TMM 5262 
TMM 5263 
TMM 5264 
TMM 5265 
TMM 5266 
TMM 5267 
TMM 5268 
TMM 5269 
TMM 5270 
TMM 5271 
TMM 5272 
TMM 5273 
TMM 5274 
TMM 5275 
TMM 5276 
TMM 5277 
TMM 5278 
TMM 5279 
TMM 5280 
TMM 5281 


BZM 85C 2V7 


BZM 85C 3V0 
BZM 85C 3V3 
BZM 85C 3V6 
BZM 85C 3V9 
BZM 85C 4V3 
BZM 85C 4V7 
BZM 85C 5V1 
BZM 85C 5V6 


BZM 85C 6V2 


BZM 85C 6V8 
BZM 85C 7V5 
BZM 85C 8V2 


BZM 85C 9V1 
BZM 85C 10 
BZM 85C 11 
BZM 85C 12 
BZM 85C 13 


BZM 85C 15 
BZM 85C 16 


BZM 85C 18 


BZM 85C 20 
BZM 85C 22 
BZM 85C 24 


BZM 85C 27 


BZM 85C 30 
BZM 85C 33 
BZM 85C 36 
BZM 85C 39 
BZM 85C 43 
BZM 85C 47 
BZM 85C 51 
BZM 85C 56 


BZM 85C 62 
BZM 85C 68 
BZM 85C 75 
BZM 85C 82 


BZM 85C 91 

BZM 85C 100 
BZM 85C 110 
BZM 85C 120 
BZM 85C 130 


BZM 85C 150 
BZM 85C 160 


BZM 85C 180 
BZM 85C 200 


TM 4728 
TM 4729 
TM 4730 
TM 4731 
TM 4732 
TM 4733 
TM 4734 


TM 4735 


TM 4736 
TM 4737 
TM 4738 


TM 4739 
TM 4740 
T™ 4741 
TM 4742 
TM 4743 


TM 4744 
TM 4745 


TM 4746 


TM 4747 
TM 4748 
TM 4749 


TM 4750 


TM 4751 
TM 4752 
T™ 4753 
TM 4754 
TM 4755 
TM 4756 
TM 4757 
TM 4758 


TM 4759 
TM 4760 
T™ 4761 
TM 4762 


TM 4763 
T™ 4764 
TM 4187 
T™ 4188 
TM 4189 


TM 4190 
T 4191 


TM 4192 
T 4193 


Note 1: From 3 V to 36 V, can be delivered with +2% tolerance on Vz. Higher Vz also available on request. P/N description: BZX 84B... 


Same nominal voltage as BZX 84C series. 
Note 2: A series 100 PPM 
Note 3: B series 50 PPM 
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SURFACE MOUNT DEVICES 


General purpose and switching diodes 


¢ SOT 23 - TO 236 (CB-474) 


GENERAL PURPOSE AND SWITCHING DIODES 


TYPE TYPE TYPE TYPE 
SD 914 
BAS 20 BAS 21 


Single schottky diodes 


é TO 236 (CB-474) MINI-MELF (CB-465) §MELF (CB-466) 


TMMBAR19 
TMMBAT42 
TMMBAT43 
TMMBAR28 
TMMBAR10 
TMMBAR11 
TMMBAT19 
TMMBAT29 
TMMBAT41 
TMMBAT45 
TMMBAT46 
TMMBAT47 


TYPE 


BAL 99 (UNI) 
BAW 56 (COM-A) 
BAV 70 (COM-K) 
BAV 99 (A to K) 


TMBYV1020A 
TMBYV1020 
TMBVY1030 
TMBYV1040 
TMBVY1060 
TMBAT49 


 GPHHGHHHHH HHH HHH HHHN 


Dual Schottky Diodes 


BAR43A(A) 
BAS70-06(A) 


BAR43C(K) 
BAS70-05(K) 


BAT17DS(A) 
BAR438S (to 
BAS70-04(K) 


30 
70 
30 
70 
4 

30 
70 
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SURFACE MOUNT DEVICES 


General purpose transistors 


¢ 


TO 236 (CB-474) 


TO 236 (CB-474) 


S02894 PO3(J03) 


N11(011) 


S02369 
$02222 
S03904 


$03906 


S02222A 


$02907 
SO2907A 


PO3(J03) 


SO 918 
BFS 17 
BFR92A 
BFR 93 A 
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CASE OUTLINES 


conversion tables 


CB-33 F9 M/U CB-33 

CB-34 F 10 M/U CB-34 

CB-197 F24A CB-19 

CB-102 F 80 CB-102 

CB-101 F 126 CB-210 

CB-426/468 F 127 CB-101 
F 138 CB-117 

CB-19 

CB-267 

CB-269 

CB-338 

CB-244 


CB-117/415/428 


Outlines are classified according to CB numbers. 
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CASE OUTLINES 


THOMSON COMPONENTS MOSTEK 


rename eearina eee iemmemeaeamenn em  NN————eee 


case outlines 


CB-19 (TO 3) CB-33 (DO 4) 


27,17 max 


40,13 max 


@ 22,86 max 
oe 


3,81 max 


11,11 over flats 6 sided 
20.32 max. 


CB-34 (DO 5) CB-101 (DO 41) 


CB-102 (DO 35) 
12,7 min 


17,46 over flats 6 sided 
12,70 max. 16.94 mox. 


CB-159 (TO 3 modified) 


5,46 


CB-197 (DO 27 A) 


26 min. 


CB-244 (TO 218 - TOP 3) 


Transistor : 


Transistor : 
Thyristor ; 
Triae 


Base lead : Braid 2 mm? 


Approx. length 


Transistor: 123 =BC 
Thyristor :123=GA 


E 
K 


CB-269 (TO 65) 


@ 16,5 max 


11/16” over flats 6 sided 


+120 mm 


THOMSON COMPONENTS MOSTEK 


case outlines 


Thyristor : 

Gate lead : white 
Cathode lead : red 
Approx, length : 200 mm 


hole @ 3,55 depth ~ 2 
(2 and 3 sides) 


@ 3,8 min 


CB-210 (F 126) 


Thyristor:123=KAG 


Triac 


:123 =A,AQG 


12,7 min. 


9/16" over flats 6 sided 


THOMSON COMPONENTS MOSTEK 
ee eee 


case outlines 


CB-338 (TO 83) CB-415 (TO 220 AB) for thyristors and triacs 


+0,40 
+0,20 © 3,6—0,05 


2,8-0,26 10,3 0,3 / 
27 over flats .6sided 


+0,67 | 
15,2 - 0,97 


. A 
= Thyristor 
G/JK 
A 
= Trac vay 
G Ay 


CB-425 (DOP 3) 


25,4:min 25,4 min 
sad te 


CB-426 (DO 220 AB) for insulated types CB-428 (TO 220 AB) for duo diodes 


+0,40 
+0,20 @ 3,6-0,05 
2,8-0,28 10,3 +0,3 


6,3-0,45 


15,2-0,97 


Noted 
output 20,6 
as 6,35 max 


2,54 
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en 


case outlines 


CB-451 (ISOTOP) 


CB-452 (ISOTOP) 


Pin B2 may be omitted 
for a transistor. 


CB-468 (DO 220 AB) for uninsulated types 


2,8 


Pin B2 may be omitted for a transistor. 


Contact area / 


Face d’appui 


CB-465 (MINIMELF) Se 
Sortie 
inscrite 


CB-466 (MELF) 


Dimensions in millimeters 
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PACKAGING 


THOMSON COMPONENTS MOSTEK 


PACKAGING 


TO 236 super 8 tape and reel packaging 


- Leading and trailing end of the tape 


Se eee 
SeeeeOoooooooooO| -¢ 


Tape trailing end User direction of feed Tape leading end 


on REEEREeeme co 


A : Seeling tape : 50 mm min. 

B : Top cover fixing tape only : 100 mm min. 

C : Empty cavities and fixed cover tape (start) : 80—» 320 mm (300 mm typ). 
D : Filled cavities : 3000 pieces. 


E : Empty cavities and fixed cover tape (end) : 40—>160 mm (150 mm typ). 


Dimensions in millimeters 


Quantity per ree! : 3000 pieces 
Pelling force of the fixing tape : 0,2 to IN 
(in 180° backward direction) 


THOMSON COMPONENTS MOSTEK 


PACKAGING 
TO 236 super 8 tape and reel packaging 


Tape dimensions and device position 


Direction of unreeling Reference level 


Embossed antistatic plastic carrier tape Polystyrene cover tape bonded to the carrier 


Tape width 


mene Ci 
a 
Er 

a 
femmes | 
a 
7 
ee 


Missing components : 0.25% max. 
3 missing pieces acceptable as long as 6 consecutive parts are present. 


Cumulative pitch error : 
+ 0.1 mn per 10 pitches 
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CHAPTER 8 - RF & MICROWAVE POWER 
TRANSISTORS SHORT FORM 


contents 


alpha-numerical list 
symbols list 


2... 30 MHz — linear SSB 
27 ... 88 MHz — FM, class C 

88 ... 108 MHz — class C, FM transmitters 
108 ... 152 MHz — class C, aircraft 


130 ... 230 MHz — class C, FM mobile 


450 ... 512 MHz — class C, mobile 
806 ... 960 MHz — class C, land mobile 


wideband VHF-UHF 
TV transmitters, band Ill 
TV transmitters, bands IV and V 


200 ... 950 MHz — UHF pulse 
960 ... 1220 MHz — pulse DME/IFF/TACAN 
1,2 ... 1,4 GHz — pulse for radar applications 


0,75 ... 4,2 GHz — microwave, class C 

2 ~~... 4 GHz — microwave, class A 

0,7 ... 2,5 GHz — microwave, oscillators 

1,4... 2,7 GHz — microwave, telecommunications 


40 ... 900 MHz — class A linear for CATV/MATV 


case outlines 


10 


11-13 


13-14 


15 


16— 23 
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2N 3375 
2N 3553 
2N 3632 
2N 3733 
2N 3866 
2N 3924 
2N 3926 
2N 3927 
2N 4427 
QN 4428 
QN 4429 
2N 4430 
ON 4431 
2N 4440 
2N 5016 
2N 5090 
2N 5109 
2N 5589 
2N 5590 
2N 5591 
2N 5635 
2N 5636 
2N 5637 
2N 5641 
2N 5642 
2N 5643 


- 2N 5944 


2N 5945 
2N 5946 
2N 6080 
2N 6081 
2N 6082 
2N 6083 
2N 6084 
SD 1005 
SD 1006 
SD 1012-3 
SD 1012-4 
SD 1013 
SD 1013-3 
SD 1014-6 
SD 1015 
SD 1018-6 
SD 1018-15 
SD 1019 
SD 1021 
SD 1022 
SD 1080-2 
SD 1080-6 
SD 1080-7 
SD 1098 
SD 1115-2 
SD 1127 
SD 1132-4 
SD 1132-5 
SD 1133 
SD 1134 
SD 1134-5 
SD 1135 
SD 1135-3 


—__ oA 


WDODODOODKHBODODDODNDDNOAONNDDUUDMDHDMDAOO OW OM 


SD 1136 
SD 1143 
SD 1143-1 
SD 1150 
SD 1150-3 


SD 1219 


SD 1219-5 
SD 1220-1 
SD 1222-5 
SD 1222-6 
SD 1224-2 
SD 1224-10 
SD 1229-1 
SD 1272 
SD 1272-2 
SD 1273 
SD 1274 
SD 1274-1 
SD 1275 
SD 1275-1 
SD 1278 
SD 1285 
SD 1290 
SD 1316 
SD 1317 
SD 1330 
SD 1330-1 
SD 1331 
SD 1332 
SD 1333 
SD 1333-1 
SD 1334 
SD 1400-2 
SD 1400-3 
SD 1402 
SD 1403 
SD 1404 
SD 1405 
SD 1406 
SD 1407 
SD 1407-8 
SD 1409 
SD 1410 
SD 1410-1 
SD 1410-3 
SD 1411 
SD 1412 
SD 1412-3 
SD 1414 
SD 1418 
SD 1421 
SD 1422 
SD 1428 
SD 1429 
SD 1429-3 
SD 1430 
SD 1433 
SD 1434 
SD 1438-2 
SD 1441 


ee ee oe Oe en ee : 
DIDOONODODODOHODDDDONRDODOMDADHDMAHDHDODOODUHAAGAAAAGODA DOM MOMDDMDMDWDNNNNNN OOOO O 
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alpha-numerical list 


SD 1444 
SD 1446 
SD 1451 
SD 1451-1 
SD 1455 
SD 1457 
SD 1458 
SD 1459 
SD 1460 
SD 1462 
SD 1468 
SD 1470 
SD 1475 
SD 1477 
SD 1478 
SD 1479 
SD 1480 
SD 1482 
SD 1483 
SD 1485 
SD 1486 
SD 1487 
SD 1488 
SD 1494 
SD 1495 
SD 1495-3 
SD 1496 
SD 1496-3 
SD 1499-1 
SD 1500 
SD 1501 
SD 1502 
SD 1504 
SD 1505 
SD 1507 
SD 1509 
SD 1512 
SD 1513 
SD 1514 
SD 1515 
SD 1520-1 
SD 1520-8 
SD 1522-3 
SD 1522-9 
SD 1524-1 
SD 1526-1 
SD 1527-8 
SD 1528-1 
SD 1528-8 
SD 1530-1 
SD 1530-8 
SD 1534-1 
SD 1534-8 
SD 1536-1 
SD 1536-8 
SD 1537-1 
SD 1538-2 
SD 1538-8 
SD 1540 
SD 1540-3 


SD 1540-8 
SD 1541 
SD 1541-1 
SD 1541-9 
SD 1542 
SD 1542-4 
SD 1543 
SD 1543-2 
SD 1544 
SD 1545 
SD 1546-1 
SD 1546-2 
SD 1547 
SD 1547-1 
SD 1550 
SD 1551 
SD 1552 
SD 1560 
SD 1560-1 
SD 1561 
SD 1561-1 
SD 1562 
SD 1562-1 
SD 1562-6 
SD 1562-7 
SD 1563 
SD 1564 
SD 1565 
SD 1565-1 
SD 1840 
SD 1842 
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alpha-numerical list 


SD 1843 

SD 1844 

SD 1845 

SD 1846 

SD 1847 

SD 1848 

SD 1850 

SD 1868 
TCC 0105-100 
TCC 0204-125 
TCC 20 L 08 
TCC 20 L 15 
TCC 20 L 25 
TCC 20 L 35 
TCC 590 
TCC 591 
TCC 596 
TCC 597 
TCC 598 
TCC 1417-6 
TCC 1417-12 
TCC 1417-20 
TCC 1618-40 
TCC 1720-3 
TCC 1720-6 
TCC 1720-12 
TCC 1720-20 
TCC 1821-6 
TCC 1821-20 
TCC 1922-18 
TCC 2020 


TCC 2023-3 
TCC 2023-3L 
TCC 2023-6 
TCC 2023-6L 
TCC 2023-10 
TCC 2023-12A 
TCC 2023-16 
TCC 2223-18 
TCC 2327-10 
TCC 2327-15 
TCC 3100 
TCC 82001 
TCC 82003 
TCC 82005 
TCC 82010 
TCC 82301 
TCC 82302 
TCC 82304 
TCC 82307 
TCC 83000 
TCC 83001 
TCC 83003 
TCC 83005 
TDS 570 
TDS 595 

TH 416 


TH 430 


TH 513 
TH 560 
TH 562 
THA 15 
THX 15 
TRF 559 
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symbols 


Bias 

Common base 

Common collector 

. Common emitter 
Reverse transfer capacitance, open circuited input, common emitter 
Output capacitance, open circuited input, common base 
. Cross modulation distortion 
Test frequency 

Transition frequency 

Power gain 

Continuous base current 

Continuous collector current 

intermodulation distortion 

Noise figure 

Input power 

Output power 

Output peak envelope power 

Total power dissipation 

Thermal resistance (junction-case) 

| Pulse width 

Collector-emitter breakdown voltage 
Collector-base continuous voitage 

Collector D.C. voltage supply 

Output voltage 

Duty cycle 

Collector efficiency 


Pout 
Pout (PEP) 
Prot. 
Rth (j-c) 
Tp 
V(BR) CEO 
VcB 
Vcc 
Vout 
5 
nc 
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2-30 MHz 
linear SSB applications 


Pout(PEP) Sp - 
t 
(W) (dB) | (dB) 


380 4LFL CE 30 
900 4LFL CE 30 
000 4LFL 
000 4LFL 


TO-60 
(CB-27) 


\> 
= 380 4 
eS} veg 


380 4LFL 
000 4LFL 
500 4LFL 
000 4LFL 


.380 4L STUD 
(CB-298) 


380 4L STUD 
000 4LFL 

550 4L STUD 
400 x .425 6LFL 
000 4LFL 
550 4LFL 


500 4L FL 


§: Typical value. 


500 4L STUD 
(CB-293) 


27 ... 88 MHz 
class C, FM operation 


Voc 
TYPE 
(V) 


(CB-308) 


-500 6L FL 


SD 1290 500 4L STUD CE (CB-297) 
SD 1451 CE 
SD 1451-1 CE 
: CE 
SD 1405 500 4LFL CE 


.550 4L STUD 
(CB-291) 


sp 14078 | 500 6LFL 
CE 


SD 1403 000 4LFL 


380 4L STUD CE 
000 4LFL CB 
500 4LFL 

500 4LFL 

550 4L STUD 


090 4LFL 


§: Typical value 
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88 ... 108 MHz 
class C for FM transmitters 


G ne 
28 > 7 


SD 1457 | 500 4LFL CE 108 75 >10 75 
SD 1460 | 500 4LFL CE 28 160 108 20 9 75 
SD 1483 | 2x .450 SQ. 4LFL CE 28 250 108 31 9 55 


ep 
<s=<s2 


.380 4L FL 
(CB-305) . 


.380 4L STUD 
(CB-298) 


108 ... 152 MHz 
class C for aircraft communications 


G 
TYPE PACKAGE min 
(dB) 

CE 65 | > 32 136 8,1 


.380 4L STUD 
.380 4L STUD 
.380 4L STUD 


CE 6,5 > § 136 . 
CE 65 > 10 136 7 


SD 1220-1 380 4L FL > 

SD 1013 380 4L STUD > 10 

SD 1013-3 380 4L FL > 10 

SD 1222-6 | 380 4L STUD > 15 

SD 1222-5 | 380 4L FL > 20 .500 4L FL 
SD 1015 380 4L STUD > 30 (CB-290) 
SD 1224-2 | 380 4L FL > 40 

SD 1219-5 380 4L STUD > 50 

SD 1219 880 4L STUD > 60 

SD 1019 500 4L STUD > 80 

SD 1438-2 | 380 4L FL > 100 

SD 1480* 500 6L FL > 125 


* Internally input matched. 


.500 4L STUD 
(CB-293) 


(CB-297) 
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130 ... 230 MHz | 
class C for FM mobile applications 


.280 4LSL (B) 
XO-72 SL 
TO-117 SL 


TO-46 TO-220 
(CB-401) - (CB-402) 


380 4LFL 

.380 4L STUD 
380 4LFL 

380 4L STUD 
380 4LFL 

380 4L STUD 
380 4LFL 

380 4L STUD 
380 4L FL 

.380 4L STUD 
380 4L STUD © 
380 4LFL 

380 4LFL 

380 4L STUD 
380 4L STUD 
380 4L FL 

500 6LFL 
000 6LFL 
000 6LFL 


.280 4LSL (B) 
.280 4LSL (B) 

TO-39 TO-60 
TO-39 (CB-7) (CB-27) 
TO-39 a. 
380 4L STUD 
380 4LFL 
380 4L STUD mes SL 
380 4L STUD are (CB-301) 


TO-117 SL 
(CB-299) 


"280 4L SL(B) 
(CB-304) 


.380 4L FL SSS 


(cB-305) YALU 


SD 1018-6 
SD 1018-15 
| SD 1278 
SD 1275 
SD 1275-1 
SD 1428" 
SD 1477* 
SD 1441" 


.380 4L STUD 
(CB-298) 


SD 1021 
SD 1022. 


380 4L STUD 
380 4L STUD. 


.380 NARROW 4L STUD 
(CB-400) 


380 NARROW 4L STUD 
TO-39 
TO-60 
380 4L STUD 
TO-60 
380 4L STUD 
380 4L STUD 


TO-39° 
| 380 NARROW 4L STUD 
TO-60 

380 4L. STUD 

380 4L STUD 


-500 6L FL 
(CB-297) 


* Internally input matched. 
§: Typical value. 


550 4L STUD 
(CB-291) 
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450 ... 512 MHz 
class C for mobile applications 


Vec Gp 

min 

(Vv) (dB) 
75 


XO-72 SL CE f 0,25 470 0,02 
TO-117 SL 
.280 4L STUD (B) 


TO-46 
(CB-401) 


SD 1132-4 
SD 1115-2 
SD 1482 


SD 1484-10 | TO-46 


SD 1080-6 | XO-72 SL 

SD 1080-7 | XO-72 

TRF 559 MACRO X 

SD 1132-5 | XO-72 

SD 1444 | TO-39 Tort 
2N 5944 .280 4L STUD (B) 

SD 1134 .280 4L STUD (B) 

2N 5945 .280 4L STUD (B) LE 
SD 1150 _| .280 4L STUD (6) \eeo 
SD 1150-3 | .280 4L SL Ae Ne 
SD 1135 .280 4L STUD (B) 25 

SD 1433 .280 4L STUD (B) on 

2N 5946 .280 4L STUD (B) 

SD 1136 .280 4L STUD (B) 

SD 1410-1 | 380 6LFL 

SD 1429* | 500 6LFL , 

SD 1429-3" | 500 6LFL Ore ay oe 
SD 1422* | 500 6LFL 

SD 1488" | 500 6LFL 

SD 1434* | 500 6LFL 

SD 1499-1" | 500 6LFL 


XO-72 SL 
— (CB-301) 


.280 4L STUD (B) i 
(CB-312) 


* Internally input matched. 
§: Typical value. 


806 ... 960 MHz 
class C for land mobile applications 


TYPE 


-230 6L FL 
(CB-302) 


SD 1402 ~—‘| XO-72 SL 8 
TRF 559 | MACRO X 8 

| SD 1409 XO-72° 8 
SD 1410" ‘| 380 6LFL 8 
SD 1410-3* | .230 6LFL 75 
SD 1418" | .230 6LFL 5,2 
SD 1412" | 380 6LFL 6 
SD 1412-3* | .230 6LFL 6 
SD 1421* | .230 6LFL 55 
SD 1098" | .380 6LFL 5 
SD 1414" | .230 6LFL 45 


SD 1400-2 | .230 6LFL 
SD 1400-3 | .230 6LFL 
SD 1494 .260 6LFL 
SD 1495-3 | .230 6LFL (CB-297) 
SD 1495 -.230 6LFL 
SD 1496-3 | .230 6LFL 
SD 1496 .230 6LFL 


* Internally input matched. - 
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wideband VHF - UHF class C for ECM and 
radio links applications 


TYPE 


TO-60 
(CB-7) (CB-27) 


TO-39 
TO-60 
380 NARROW 4L STUD 
TO-60 

TO-60 

380 NARROW 4L STUD 
.280 4L STUD (B) 

TO-60 

TO-60 

380 4L STUD 

000 6LFL 
000 6LFL 
000 6LFL 
TCC 0105-100 | .400 BAL FL 
TCC 0204-125} .400 BAL FL 


2N 3866 
2N 5090 


.230 6L FL 
(CB-302) 


.250 x .320 4L FL 
(CB-455) 


:280 4L STUD (B) 
(CB-312) 


.280 4L STUD (C) 
(CB-289) 


225 - 400 | 25 


* Internally input matched. 
§: Typical value. 


linear transistors for TV applications, band III 


Pin | Gp C22b | Rth (j-c) 
min (3 tones)| max 

(W) | (dB) (pF) | (°C/W) 

CE 28/2500 14 9 80 

CE 28/2500 14 14 80 

CE 28/3500 30 7,5 150 

CE 28/2100 | 100 10 11 80 

CE 28/2x250 | 200 25 9 — 0.7 


.380 4L STUD 
(CB-298) 


TYPE 


SD 1455 | 500 4L STUD 


>=" 380 NARROW 


500 6LFL ey 
550 4L STUD a “Ss (CB-400) 
.400 BAL FL 


SD 1485**| 2x.450 SQ. 4LFL 


* Internally input matched. 
** Class AB. 
| 400 BAL FL 
(CB-439) 


linear transistors for TV applications, bands IV and V 


TYPE .500 4L STUD 


(CB-293) 


TCC 590 
TCC 591 
TCC 596 
TCC 597 
TCC 598 


XO 72 STUD 
XO 72 STUD 
280 4L STUD (C) 
280 4L STUD (C) 
280 4L STUD (C) 


20/75 
20/150 
20/220 
20/440 
25/850 


TDS 570 | .400 BAL FL 25/2850 
TDS 595 | .250x.320 4L FL 25/2850 
SD 1486***| .250 SQ. 4LFL T.B.D. eUPOErL 


(CB-297) 


* 


Internally input matched. 
** Rth (junction - heatsink). 
*** Class AB (in development). 
§: Typical value. 


.550 4L STUD 
(CB-291) 
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200 ... 950 MHz 
UHF pulse power transistors 


Frequency Gp Tp/é 
TYPE range min 
(MHz) (dB) |(us/ %) 


SD 1563 


400 SQ 2LFL HERM 


200-500 10/10 


250/10 


SD 1564 | .400x.425 4LFLB HERM 400-450 60/2 ee 
SD 1565 | .400x.500 4LFLB HERM 200-500 250/10 "(CB-403) 
SD 1565-1 | .400x.500 4LFLB HERM 400-600 250/10 


SD 1560 .250 2LFL HERM 600-830 


SD 1561 400 SQ 2LFL HERM 600-830 
SD 1562 | .400 SQ 2LFL . 600-830 
SD 1562-6 | .400x.500 2LFL HERM 600-830 


.280 4L SL (A) 
(CB-410) 


.250 2LFL HERM 

400 SQ 2LFL HERM 
400 SQ 2LFL 
400x.500 2LFL HERM 


SD 1560-1 
SD 1561-1 
SD 1562-1 
SD 1562-7 


800-950 
800-950 
800-950 
800-950 


400 SQ 21 FL 
(CB-407) 


960 ... 1220 MHz 
class C pulse for DME / IFF / TACAN 


Voc | Pout 
TYPE typ 
(Vv) | (W) 


280 4LSL (A) 


Frequency 
range 
(MHz) 


.400 SQ 2L FL HERM 
(CB-404) 


(dB) | (us / %) 


1030-1090 
1025-1150 
960-1215 


SD 1520-1 


1030-1090 
1025-1150 
960-1215 


.400 x .425 4L FLB HERM 
(CB-405) 


ase 


.400 x .500 2L FL HERM 
(CB-408) 


SD 1520-8 | .250 2LFL HERM 


1030-1090 
1025-1150 
960-1215 


SD 1522-3 | .280 4LSL (A) 


1030-1090 
1025-1150 
960-1215 


SD 1522-9 | .250 2LFL HERM 


1030-1090 
1025-1150 
960-1215 


SD 1524-1 | .280 4LSL (A) 


1030-1090 | 9,3 10/ 1 
1025-1150 | 9,5 min 10/ 1 


960-1215 | 9 
11,5 min 
9 
8 . 


SD 1526-1 | .280 4LSL (A) 


400 x .500 4L FL B HERM 


10/10 (CB-406) 


1030-1090 
1030-1090 
960-1215 


SD 1527-8 | .250 2LFL HERM 
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960 ... 1220 MHz 
class C pulse for DME / IFF / TACAN 


Tp/é 


Frequency | 
range 
(MHz) 


(dB) | (us / %) | 
250 2L FL/FLM 


(CB-294) (eae) 


20 15 1030-1090 


1030-1090 
1025-1150 
960-1215 


SD 1530-1 
SD 1530-8 


.280 4LSL (A) 


.250 2LFL HERM ee 


35 - min| 4,95 


1030-1090 
1025-1150 
960-1215 


.280 2L FL (A) 
(CB-412) 
.280 4L SL (A) 
(CB-410) 


.280 ie lee (A) 


200 1030-1090 
150 min 1025-1150 
140 960-1215 .375 4L SLA) 
(CB-411) 
=F Ee 1030-1090 


SD 1534-1 | .280 4LSL (A) 


SD 1534-8 | 250 2LFL HERM = mins 


1030-1090 
1025-1150 
960-1215 


SD 1536-1 | .280 4LSL (A) 


SD 1536-8 | .250 2LFL HERM a 


1030-1090 
1025-1150 
960-1215 


SD 1537-1 | .375 4LSL (A) 150 min 


.400 SQ 2LFL 
400 SQ 2WL FL HERM 


SD 1538-2 
SD 1538-8 


SD 1540 


400 SQ 2LFL 


400 SQ 2WL FL HERM 


SD 1540-8 
375 4LSL (A) 


eateese Te 
een fermen | a 
Bs 
= 
| cB 
| ce | 
| 08 
| ce | 
| ce 
| cB 


300 min 1025-1150 | 

290 | 960-1215 = 

325 min| 70 1030-1090 i .400 SQ 2L FL 
280 70 | 1025-1150 (CB-407) 
200 70 | 960-1215 


.400 SQ 2L FL HERM 


450 min} 90 1030-1090 | 7 min 10/ 1 
400 min; 90 1025-1150 | 65 min 10/ 1 prow 


= SoC 
[so foo |so_[nsow [7 rn | 


600 150 | 1030-1090 10/ 1 
550 min] 150 1025-1150 10/1 

fori eo | oorow [enn | ore 
1200 300 | 1030-1090 10/ 1 
1000 min| 300 1025-1150 10/ 1 


| 1030-1090 | 1090 | 1014 | | 1014 | 


Cae Oe ea 
[2p melss [con [05 nn [om 
[s0-foo_min|20 | sosan [7 min | sooo 
[sa oomin|ao | oan [6 min | nn. 
ros fs min|s | seoseis [0 min | 2070 
[apo nalie [cones [ar on | 
[so fes mines | ceoszis [7 min | aro 


) 


SD 1541-9 | .400 SQ 2LFL HERM 


400 x .500 2LFL HERM 


400 x 500 2LFL HERM 


Eros 

oem ae 
[so 02 [2 x a0 sto A HERO 
SD 1546-2 280 2LFL (A) 

SD 1547-1 | .280 4LSL (A) 

sos [sensor 


rsp 1s]. 400 SQ 2WL FL HERM 
}SD 1552 | | 400 x 500 2LFL HERM 


“IN DEVELOPMENT 


.400 SQ 2WL FL HERM 
(CB-435) 


.400 x .500 2L FL HERM 
(CB-408) 


2 x .400 SOQ 4L FL HERM 
(CB-423) 


as 


2 x .400 _ an fg BHERM 
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1.2... 1.4 GHz 
class C pulse for radar applications 


Vec | Pout Frequency Gp Tp/d 
TYPE min range min 
(Vv) | (W) (MHz) (dB) | (us / %) 


SD 1500 250 2LFL 1200-1400 400/20 
SD 1501 400 SQ 2WL FL HERM 1200-1400 400/20 
SD 1504 400 SQ 2WL FL HERM 1200-1400 300/10 


SD 1509 400 SQ 2WL FL HERM 


1200-1400 
1200-1400 
1200-1400 
1200-1400 


1200/20 
400/20 
300/10 

150/5 


.250 2L/2LM 
(CB-311) 


SD 1502 400 SQ 2WL FL HERM 
SD 1505 400 SQ 2WL FL HERM 
SD 1507 400 x 500 2LFL HERM 


.250 2L FL/FLM 
(CB-294) 


-250 x .320 2L FL 
(CB-456) 


0.75 ... 4.2 GHZ 
microwave transistors for class C operation 


C22b Rth (j-c) 

max . 

(pF) | (°C/W) 
CE 28 


TO-117 
(CB-307) 


TO-129 
(CB-295) 


2N 4428 TO-39 0,5 5 
2N 4429 TO-117 1 5: 
2N 4430 TO-129 1 5 
2N4431 TO-129 1 5 
SD 1544 320 4L STUD HERM 2 5 
SD 1545 320 4L STUD HERM > 25 | 2 5 
TCC 82001 | .250 2LFL > 4/2 7 cy ali 
TCC 82003 | .250 2LFL > 3/2 7,8 
TCC 82005 | .250 2LFL ~ &£./2 8 
TCC 82010 | .250 2LFL > 10° | 2 9 
TCC 2020 | .250 x 320 2LFL > 20 )2 6 
.250 x 320 2LFL => 12°. 68 
.250 2LFL > 4 10 
.250 2LFL > 2 9 .400 SQ 2WL FL HERM 
.250 2LFL > -& 9 (CB-435) 
.250 2LFL > 7 8 
.250 2LFL > O5 4 
TCC 83001 | .250 2LFL > 1 \7 
TCC 83003} .250 2LFL > 383 58 
TCC 83005 | .250 2LFL > § 45 


.400 x 500 2L FL HERM 
(CB-408) 


*Package available with or without flange. 


2x 400 SQ 4L FL HERM 
(CB-423) 
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2 ee0o 4 GHz 
microwave transistors for class A operation 


TCC 20 L 08] .250 2LFL’ 20/120 


TCC 20 L 15| .250 2LFL" 20/220 

TCC 20 L 25] .250 2LFL* 20/440 | 
TCC 20 L 35] .250 2LFL* 20/700 

SD 1850 250 2LFL* 15/80 Brcct ctl 
TCC 2023-3L| .400 MAT FL 24 


TCC 2023-6L} .400 MAT FL 24 


* Package available with or without flange, ceramic or metallic cap. 


0.7 ... 2.5 GHZ 


microwave transistors for oscillators aece2a4) 


Frequency 
range 
(GHz) 


SD 1845 .250 2LFL* 45 
SD 1846 250 2LFL 30 
SD 1843 TO 215 AA —_ 
SD 1844 TO 215 AA — 
SD 1847 .250 2LFL* 17 
SD 1840 TO 215 AA 25 
SD 1842 TO 215 AA _ 
SD 1848 CB-457 25 


* Package available with or without flange. 


.400 MAT FL 
(CB-440) 


1.4 coo 2.7 GHZ 
matched microwave transistors for telecommunications 


TO 215 AA 
(CB-437) 


TCC 1417-6 
TCC 1417-12 
TCC 1417-20 
SD 1868 
TCC 1618-40 
TCC 1720-3 
TCC 1820-6 
TCC 1720-12 
TCC 1720-20 
TCC 1821-6 
TCC 1821-20 
TCC 1922-18 
TCC 2023-3 
TCC 2023-6 
TCC 2023-10 
TCC 2023-16 
TCC 2223-18 
TCC 2327-10 
TCC 2327-15 


400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
-400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 
400 MAT FL 


wO 


“ANS B bE 
a 
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40 ... 900 MHz 
class A linear for CATV/MATV applications 


Ic CMD 


(MHz) (mA) (4B) (mA) (MHz) |(mV) (dB) (dB) 


TO-117 
(CB-307) 


CB-146(1) 
CB-146(1) 
CB-146(1) 
CB-146(1) 


MACRO X 
MACRO X_ (CB-438) 


(1) = TO 50. 

(2) Narrow band. 

(3) Broad band. 

(4) Second order IM: Chan. 2 + Chan. R, IM on Chan. 13 
(FCC Channels). 

(5) NCTA Cross Modulation (12 channels). 

(6) Cross Modulation: Chan 2-4-5-7-9-11 100% AM mod., 
XM on unmod. Chan. 13 (FCC channels). 
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case outlines 


Outlines are classified according to CB number. 


CB-4 (TO 72) CB-7 (TO 39) CB-27 (TO 60) - 


10_32 UNF_2A @ 11 max. 


7/16 max. 
11.10 over flats 


6 sided 


Retail output section 


CB-166 (TO 236) 
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case outlines 


CB-287 (.320 4L STUD HERM) CB-289 (.280 4L STUD (C)) 


CB-290 (.500 4L FL) CB-291 (.550 4L STUD) 


1/428 UNF 


CB-293 (.500 4L STUD) CB-294 (.250 2L FL/FLM) 


* Outputs must not be bent, cut or used in this area 
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case outlines 


CB-295 (TO 129) CB-296 (.380 6L FL) 


CB-297 (.500 6L FL) CB-298 (.380 4L STUD) 


6.0 


20 
30 


* Outputs must not be bent, cut or used in this area 


CB-299 (TO 117 SL) CB-300 (XO 72) 
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case outlines 


CB-301 (XO 72 SL) 


CB-302 (.230 6L FL) 


CB-303 (.280 4L STUD (A)) CB-304 (.280 4L SL (B)) 


CB-305 (.380 4L FL) CB-307 (TO 117) 
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case outlines 


CB-308 (.550 4L FL) CB-311 (.250 2L/2LM) 


CB-312 (.280 4L STUD (B)) CB-400 (.380 NARROW 4L STUD) 


19,05 max 
25,4 min 


* Outputs must not be bent, cut or used in this area. 


CB-401 (TO 46) CB-402 (TO 220 AB) 


12.70 min 
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case outlines 


CB-409 (2 x .400 .500 4L FL B HERM) CB-410 (.280 4L SL (A)) 


10,03 


CB-411 (.375 4L SL (A)) 


21 08 min 


CB-419 (TH 20 - WATER COOLED) 


—— 
min 


10 min 17 


CB-435 (.400 SQ 2 WL FL HERM) 
22,60 
23,11 


16,38 
19,18 ; 


Pd 
bended electrodes 
(thickness 0,2) 


water connecting 
internal @ = 6 
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case outlines 


CB-437 (TO 215 AA) CB-438 (MACRO X) CB-439 (.400 BAL FL) 


(.400 MAT FL) 


44min. 20,00 2,00 


CB-456 (.250 x .320 21 FL) 


6,22 min. 
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